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PREFACE. 

The object of this book is to impart a knowledge of 
Pattern Making that shall be useful to apprentice Pattern 
Makers, and also to practical machinists, because the draw- 
ings of the designer do not as a rule give any instructions 
as to the construction of the patterns, while at the same 
time that construction ma^ affect to a considerable degree, 
the manipulations of the machinist. 

Furthermore, it often occurs in the experience of a gen- 
eral machinist, that he is required to make a pattern either 
in iron or wood, and the complete isolation which usually 
exists between the pattern shop and the machine shop, is 
an effective bar to the acquisition of knowledge by obser- 
vation. 

The information is given from actual pattern shop prac- 
tice, and in the ordinary workshop parlance. 

The tables have been selected with a view to a collec- 
tion comprising all that the Pattern Maker of the widest 
exx)erionce requires ; arranged for his convenience, although 
in as compact a form as possible. 
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CHAPTEE L 

PATTERN MAKING. 

Those savans who have read our old earth's unwritten 
history in and from its strata, tell us that, in ages far remote, 
men made tools and contrivances of bronze, which, being an 
alloy, necessitated the fusion and castingof the metal. This 
casting involves the use of patterns, and pattern making 
may therefore lay claim to the highest antiquity. But 
the modem idea of the division of labor has exalted it to be 
a distinctive art ; in the last generation, for instance, a good 
machinist (or rather engineer or millwright, for those terms 
were then apphed to builders of machinery,) was required to 
be alike expert in working upon both wood and metal. He 
constructed his framing of wood, and made the patterns for 
his cast metal work ; he was to-day a lathe hand, to-morrow 
a vise hand. 

As, however, the present age of iron dawned, it became 
apparent that workmg in wood and in metal must be sepa- 
rated, not only because the handiwork could be more cheaply 
produced by reason of the increased skill arising from con- 
tinuous practice, but also because the amount of knowledge 
required to make an artisan skillful in either the manu- 
facture of wood or of iron, was too great to be thoroughly 
mastered in the working Ufetime of an ordinary, or even an 
onusoally expert workmai). Beuce modem mteUi^^eac^ 
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12 PATTERN MAKEB'S ASSISTANT. 

soon discovered that better as well as cheaper work 
could be obtained by a practical education in one particular 
branch of usefuhiess, and hence pattern making has taken 
its place as a specialty. The field of usefulness of cast iron 
has developed to a remarkable extent during the last 
twenty years, and the same remark applies to cast steel 
during the last ten years; both of these materials are 
steadily encroaching upon the domain of usefulness of 
wrought iron, stone, and bricks and mortar. So that the 
field of application for pattern making is stretching out- 
ward and onward, to the discomfiture of its rivals. From 
these considerations, we may readily perceive that a real 
profidency in pattern making will exercise to the utmost 
the skill of the workman, on account of the unceasing va- 
riety of the patterns, in form and in the purposes for which 
they are designed ; and the advantage of a retentive mem- 
ory is evident when we consider that years may elapse ere 
the same pattern maker may be called upon to exercise 
his skill upon the same or a similar piece of work. In this 
art, there are to be considered many details that are seldom 
or never shown in drawings; such, for instance, as the 
amount necessary to allow on the pattern for finishing 
certain parts of a casting, and on what part such allow- 
ance is required; and the method which has been proved 
by experience to be the safest and most expeditious in 
molding from a certain kind of pattern. But above all 
these considerations lies the factthat drawings merely show 
the shape which the finished pattern is required to have, 
leaving it entirely to the judgment of the pattern maker to 
elect in what way the various pieces of wood (of which the 
pattern is constructed) shall have the grain lie, and how 
they shall be fastened or held together. There is, it is true, 
an unwritten practice which has obtained universal observ- 
ance in particular brancdies of pattern making; but in the 
newer fields into which the art has advanced and is ad- 
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vandngy this unwritten practice is merely in the process 
of formation, which state of things must continue so long 
as casting is discovered to have new arenas of application. 
A goodly store of well remembered experience is therefore 
invaluable to the pattern maker; and this being so, the 
quicker it is obtained the better. Hence the learner should 
always keep a record of the work which falls under his 
observation, in which record the sizes and proportions of 
the work, the method of putting it together, the time taken 
in its production, and (if possible) whether the castings 
were satisfactory, noting the defects in the latter, if any, 
together with suggestions for the remedy of those defects. 
A pen and ink sketch of the pattern made in the margin 
will add to the usefulness of the record, besides accustom- 
ing the hand to making correct sketches and elucidating 
the explanation. The operative's intelligence will be much 
exercised in the shaping and building-up of patterns, de- 
pending as this does on the strength of the material of 
which the casting is to be made, the strength of the pattern 
itself, and the desirability of its molding well. Dr. An- 
drews has well said (in the Engltsh MccJianic) : " The cor- 
rect forms to be given to the materials employed in tiie 
construction of tools or machinery depend entirely upon 
natural principles. I^atural form consists in giving to each 
part the exact proportion that will enable it to fulfill its 
assigned duty with the smallest expenditure of material, 
and in placing each portion of the materials under the most 
favorable conditions of position that the circumstances will 
admit of. Such natural form is not only the most economi- 
cal, but, strange to say, it is always correct in every respect, 
and is invariably beautiful and lovely in its outlines.'^ 

I may now mention the qualifications necessary to en- 
able an artisan to become a good pattern maker : First : 
As the idea of the size ^nd contour of the article or work 
Tequil^ will bQ conveyed to bim by drawings, it is neces- 
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sary that he should be conversant with the principles of 
mechanical and architectural drawing; and it may be of 
great advantage to him, though it is not absolutely neces- 
sary, to be able to make such drawings. It is too often 
the case that the apprentice pattern maker gains his knowl- 
edge of drawing from the drawings from which he oi)erates, 
which, being simple in the first case, and becoming compli- 
cated only after tbe lapse of two or three years, makes the 
acquisition of a knowledge of drawing possible without 
either study or application ; but the result is that, so soon 
as he is called upon in a new field of action, upon a descrip- 
tion of work different from that to which he has been ac- 
customed, he becomes timid, gets confused, finds it neces- 
sary to ask many questions upon and concerning various 
parts of the drawings, and then does not obtain credit for 
the amount of ability to which his skill in handling his tools 
perhaps entitles him. Furthermore, a knowledge of draw- 
ing will enable him to learn his trade in a comparatively 
short space of time, and give him confidence in, and a re- 
tention of, that which he has already learned. Secondly : 
He should be perfectiy familiar with the operations of the 
brass and iron founder, as it is by him that patterns will 
be used to produce the required forms. The pattern must 
be so made that a mold can be made frx)m it, and that it 
may be made in the most expeditious manner. The pattern 
maker, it must be remembered, determines how the mold- 
er is to mold the pattern, so that the latter is controlled in 
his operations by the former. For the benefit of those 
who have been unable to devote sufficient time to the 
work of the fbundery, it will be necessary, as we proceed, 
' to explain the operations of molding different kinds of pat- 
Hems, selecting those which will best serve as a key to the 
-whole. Thirdly : The pattern maker must be acquainted 
Iwith some, at least, of the properties of the metals of 
ivhich the castings ^m his patterns are to Tie madei such, 
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For instance, as how they behave in passing fh)m the fluid, 
to the solid state, the strains to which a casting is sub- 
ject during this transition, to what extent those strains 
may be modified by alterations of proportion or shape in 
the pattern, the shrinkage of castings, and the alteration 
HI form which takes place in the cooling of castings of 
various sizes and shapes. Fourthly : He should, if pos- 
sible, add to the above qualifications a general knowledge 
of the manner of fitting up the diflferent kinds of work for 
which patterns are used. 

With regard to the first requirement, itis not my purpose 
to enter into the subject of mechanical drawing, which is 
treated of in books devoted exclusively to that subject 
With regard to the second, I shall, as already stated, refer 
to it hereafter. The third I shall consider after I have 
treated upon timber, and tools 5 and the fourth can only be 
obtained by watchfulness on the part of the student as to 
what is being done in the workshop in which he is engag- 
ed. This latter may seem a trivial matter ; but I have on 
several occasions, by watching where certain castings re- 
quired to be most operated upon in the machine or vise, 
had a pattern altered, making it apparently of an incorrect 
form, with the result that the time necessaiy to fit the work 
was reduced by one half. This subject, however, will be 
treated upon in its proper place. 

Of the different kinds of wood serviceable to the pattern 
maker, pine is, for many reasons, usually employed. It 
should be of the best quality, straight-grained, and free from 
knots J it is then easy to ^ork in any direction, i>ossessing 
at the same time suflBcient strength for all but the most del- 
icate kinds of work, and having besides the quality of clieap- 
1 jess to recommend it Care taken in its selection at the lum-; 
ber yard will be amply repaid in the workshop. When it 
is straight-grained, the marks left by the saw will show an 
even roughness throughout the whole length of the plank; 
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and the rougher the appearance, the softer the plank* 
That which is sawn comparatively smooth will be found 
hard and troublesome to work. If the plank has an une- 
ven appearance— that is to say, if it is rough in some parts 
and smooth in others — ^the grain is crooked. Such timber 
is known to the trade as catfaced. In planing it, the 
grain tears up, and a nice smooth surface cannot be obtain- 
ed. Before purchasing timber, it is weU to note, what con- 
venience the yard possesses for storing. Lumber on the 
pile, though it be out in all weathers, does not deteriorate, 
but becomes seasoned; nevertheless its value is much in- 
creased if it has an extemporized roof to protect it firam 
the sun and rain ; but as it is not convenient to visit the 
pile for every customer, quantities are usually taken down 
to await sale, and for such, a shelter must be provided, 
otherwise it will be impossible to insure that the lumber is 
dry, sound, and fit for pattern ma king ; it being obvious that 
the foregoing remarks on the storage of lumber apply to 
all woods. 

The superiority of pine for pattern making is not, how- 
ever, maintained when we come to fine delicate patterns or 
patterns requiring great durability. When patterns for 
fine work, from which a great many castings are to be made, 
are required, a pattern wherefrom to cast an iron pattern 
is improvised, because, if pine were employed, it would not 
only become rapidly worn out, but would soon warp and be- 
come useless. It is true that a pine pattern will straight- 
en more easily than one made of a hard wood ; but its 
sphere of usefulness in fine patterns is, for the above rea- 
sons, somewhat limited. Iron patterns are very desirable 
on account of their durability, and because they leave the 
sand easily and cleanly, and because they not only do not 
warp, but are also less hable than wooden ones to give way 
to the sand, while the latter is being rammed around them 
by the molder— a defect that is often experienced with light 
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patterns; especially if they are made of pine. Iron pattems, 
however, are expensive things to make, and therefore it is 
that mahogany is extensively employed for fine or durable 
pattern work. Other woods are sometimes employed, be- 
cause they stand the rough usage of the molding shop 
better and retain the sharp comers, which, if pine be used, 
in time become rounded, impairing the appearance of the 
casting. Mahogany is not liable to warp, nor subject to 
decay ; and is for these reasons the most desirable of all 
woods employed in pattern making, providing that first 
cost is not a primary consideration. There are various 
kinds of this beautiful wood, that known as South Ameri- 
can mahogany being chiefly used for patterns. 

Kext to mahogany we may rank cherry, which is a very* 
durable wood, but more liable to twist or warp than mahog- 
any, and it is a little harsh to the tool edge. If, however, 
it is stored in the workshop for a length of time before be- 
ing used, reliable patterns may be made from it. In addi- 
tion to those woods, walnut, beech, and teak are some* 
times employed in pattern making. 

The one property in all timber to be specially guarded 
i^gainst is its tendency to warp, bend, expand, and con- 
tract, according to the amount of humidity in the atmos- 
phere. Under ordinary conditions, we shall be right in' 
•supposing a moisture to be constantly given off from all 
the exposed surfsices of timber ; therefore planks stored in 
the shop should be placed in a rack so contrived that they 
do not touch one another, so that the air may circulate be- 
tween the planks, and dry all surfaces as nearly alike as 
XX)ssible. If a plank newly planed be lying on the bench 
on its flat side,* the moisture will be given off freely j&om 
the upper surfiaice, but will, on the under surface, be con- 
fined between the bench and the plank : the result being 
that a plank, planed straight and left lying as described, 
will be found; even in an hour, to be curved, from the con< 
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traction of the upper surface due to its extra exposure } 
and therefore it is that lumber newly planed should be 
stored on end or placed on edge. Lumber expands and 
contracts with considerable force across the grain } hence if 
a piece even of a dry plank, be rigidly held and confined 
at the edges, it wUl shrink and rend in twain, often with a 
loud report There is no appreciable alteration length- 
wise in timber from the above causes; and if two pieces 
be glued together so that the grain of one cro'^ses that 
of the other, they can never safely be relied upon to hold. 
Hence they had better be screwed, so that there will be 
a little liberty for the operation or play of the above 
forces, while the screws retain their hold. The shrinkage, 
expansion, and warping of timber may perhaps be bet- 
ter understood by considering as follows : The pores of 
wood run lengthwise, or with its grain, and hence the 
moisture contained in these passes off more readily endwise 
or from any surface on wliich the poies terminate. Then 
again the wood shrinks precisely in proportion in which 
the moisture leaves it ; and if we have full knowledge of 
the direction of the grain, and of the position in which a 
piece of timber stands or lies, we can (all other things be- 
ing equal, that is to say, supposing there to be no artificial 
heat or other disturbing cause operating on one more than 
on another side of it) predicate in what direction it will warp. 
Thus, let A, Fig. 1, be a piece of timber having the directioii 




of its grain as denoted by the lines ; then its surface, B B, 
wliich has the grain and pores terminating upon it, would al- 
low free exit of the moisture, and that face would dry first 
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corners, A B, are 
~ beveled face 



(especially if it lay uppermost) and wol 

so that after a time the shape of the pic 

as shown in Fig. 2. ITow if it had been placea to iaj"w xcu tiiq 

face, O, uppermost, the warping would have been much less, 

because the extra porosity of the face, B B, would have been 

counteracted by the lack of circulation of air. If, on the oth- 




er hand, it was placed endwise, the warping, though it would 
have taken place, would have been appreciably less. It 
must not be supposed that thoroughly seasoning the timber 
vnli remove the tendency to warp, for timber, however long 
and carefully it has been dried or seasoned, undergoes con- 
siderable transformation of shape so soon as much of its 
outer surface is removed, making it appear that the season- 
ing or drying process takes place mainly at and near the 
outer surfaces, and is renewed every time an entirely new 
surface is presented to the action of the atmosphere. Thus, if 
we take a thoroughly seasoned piece of wood 3 inches square 
and 1 foot long, and cut it iato strips 1 inch square and 1 
foot long, the pieces will warp in a day or so j and if, after a 
few days, we take those inch strips and cut them into strips 
}( inch square and 1 foot long, these latter will again warp ; 
and no matter what pains might be taken with these last 
strips to season them and let them assume their new shape, 
were we to cut them into thin veneers the warpiug process 
would again set in. It is well, therefore, in particular worlc, 
to cut out roughly the various parts of the pattern, so that, 
while some parts are being operated upon, the others may 
be assuming their new shape, and thus become not so liable 
to warp after being worked up in the pattern* 
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traction of the uppe- 

and therefore it ip TOOLS, ETC. 

"onr^rst reqnisites in the way of tools and appU- 
ances will be a carpenter's bench, which may- be made as 
follows : Three pieces of stuff, 2x5 inches and 3 feet long, 
will serve for supports for the top. Two 12 inch boards, 12 
feet long and 1 inch thick, will do for the sides. Nail these 
side boards firmly to the 2x5 inch cross pieces, and put on a 
top of suitable material, and the bench is ready for the legs. 
Now take four pieces of stuff, 2x5 inches, and of the requi- 
site hight for the legs, and firame a piece 1x3 inches 
across each pair of legs, about 6 inches from the bottom, 
placing the legs at the distance apart necessary for the 
width of the bench. Then cut a fork or slit in the top end 
of each leg, so as to straddle the cross piece at the ends, and 
put a bolt 3^x|^ inches through each leg and through the 
side boards, and the bench will be complete j and it will 
possess the advantage that it can be taken down in a few 
minutes by removing the bolts from the legs. 

The jack plane is employed for roughing off the surfaee 
timber ; the stock is made of beech and the blade of cast 
steeL The blade acts most effectively when it is ground 
well away toward the comers, thus producing a curved edge, 
as shown in Fig. 3. When the blade is placed in the stock, 

M3. 



and in position to cut off the largest amount of stuff, its cut. 
ting edge should protrude through the face of the stock 
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about a sixteenth of an inch, while the corners, A B, are 
about level with the £Eu^e of the stock. The beveled face 
should stand at about an angle of 50^ to the flat face. The 
grindstone should be kept true and liberally supplied with 
water; the straight face should not be ground away, nor 
indeed touched upon the stone. The pressure with which 
the blade is held against the grindstone should be slight 
at and toward the finishing part of the grinding process, so 
as not to leave a long ragged burr on the end of the blade, 
as is sure to be the case if much xDressure is applied ; and it 
will occur to a slight extent even with the greatest of care. 
The blade should not be held still upon the grindstone, no 
matter how true, flat, or smooth the latter may be j but it 
should be moved back and forth across the width of the 
stone, which will not only grind the blade bevel even and 
level, but will also tend to keep the grindstone in good or- 
der. 

If a grindstone is in excellent condition (that is, true, 
flat, and level, or slightly rounding), as it should be, it 
tempts the workman to grind the plane blade with the stone 
running toward him, as shown in Fig. 4, for the following 
reasons : If the stone. A, travels in the direction of thearrow, 
0, the plane blade, B, will relieve the abrasion of the stone 



at the catting edge first, thus leaving it clean and with no 
tandenc^-to leave a long ragged edge; but if the blade were 
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held on the other side of the stone, that is to say, with the 
stone running from the operator, as shown in Pig. 5, the re- 
sult will be a long ragged edge on the plane blade, espe- 
cially if much pressure be placed on the blade. 



Ill Fig. 5, A represents the grindstone, B the plane blade, 
and the direction in which the grindstone is supposed to 
revolve : in which case it becomes evident that the plane 
blade will receive at its edge some pressure in the direction 
of the arrow, D ; and the metal at the cutting edge of the 
blade, being very thin, gives way to this pressure and 
bends back instead of abrading off, leaving a long feather 
edge, as shown in Fig. 6, fi:om A to B. This edge breaks 
off in many cases further back than it should do, and in- 
evitably breaks off when the blade is applied to the oil- 
stone, leaving upon the face of the oilstone particles of steel 
which must be removed before a good edge can be fiecured 




to the tooL As a rule, however, this feather edge is broken 
oft' by tapping the blade on the palm of the hand, or it may 
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be removed by passing tbe edge lengthwise on a piece of 
wood. It is, however, better to hold the blade as shown in 
Fig. 4 ; but there are other considerations which sometimes 
render this impracticable. For instance, if the stone is out 
of true, the high spots will strike against the cutting edge, 
and render it impossible to hold the blade steadily, and 
hence impossible to grind it true. If the stone has soft 
spots in it, as most stones have, the blade will dig in those 
soft spots, and will also be thrown off the stone when en- 
countering an unusually hard spot. If, in consequence of 
digging in a soft spot, the blade catches, the cutting edge 
will be ground completely off; so that it is only under ex- 
ceptional and unusual circumstances that the blade can be 
ground in the position shown in Fig. 4. It is better, there- 
fore, to grind it in the position shown in Fig. 5, which is saf- 
er and surer. In oilstoning a plane blade, the straight face 
should be held quite level with the face of the oilstone, so that 
the cutting edge may not be beveled off. Not much applica- 
tion to the oilstone is necessary to the straight face, because 
that face is not ground upon the grindstone, and it only 
requiresto have the wire edge or burr removed, leaving an 
oilstone polish all along the cutting edge. The oilstoning 
should be performed alternately on the flat and beveled 
faces, the blade being pressed very lightly on the oilstone 
toward the last part of the operation, so as to leave as fine a 
wire edge as possible. The wire is the edge or burr which 
bends or turns over at the extreme edge of the tool, in con- 
sequence of that extreme edge giving way to the pressure 
of the abrading tool, be it a grindstone or an oilstone. This 
wire edge is reduced to a minimum by the oilstone, and is 
then so fine that it is practically of but little account ; to re- 
move it, however, the plane blade or iron may be buffed 
backwards and forwards on the palm of the hand. \ 

The iron being sharpened, we may screw the cover on, ad- 
justing it so that its edge stands a shade below the comers 
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of the iron, and then screwing it tight ; the blade or iron and 
the cover must now be placed in the month of the plane 
stock, and adjusted in the following manner : The plane 
iron should be passed through the mouth of the stock until 
as much in depth of it is seen to protrude from the bottom 
face of the stock as is equal to the thickness of shaving it is 
intended to cut : to estimate which, place the back end of 
the plane upon the bench, holding tiie stock in the left hand 
with the thumb in the plane mouth, so as to retain the iron 
and wedge in position, the wedge being turned toward the 
workman. A glance down the face of the stock will be 
sufficient to inform the operator how much or how little the 
cutting edge of the iron protrudes from tbe face of the plane 
stock, and hence how thick his shaving will be. When the 
distance is adjusted as nearly as possible, the wedge may be 
tightened by a few light blows of the hammer. If, after 
tightening the wedge, the blade is found to protrude too 
much, a light blow on the fore end of the top face of the 
plane will cause it to retire. The wedge should be tight- 
ened by a light blow after it is finally adjusted. 

In using a jack plane, we commence each stroke by ex- 
erting a pressure mostly on the forepart of the plane, com- 
mencing at the end and towards the edge of the board, and 
taking off a shaving as long as the arms can conveniently 
reach. If the board is longer than can be reached without 
moving, we pass across the board, planing it all across at 
one standing; then we step sufficiently forward, and carry 
the planing forward, repeating this until the jack planing 
is completed. To try the level of the board, the edge or 
comer of the plane may be employed ; and if the plane is 
moved back and forth on the comer or edge, it will indent, 
and so point out the high place. 

The fore plane (or truing plane, as it is sometimes called) 
is made large, so as to cover more surface, and therefore to 
oat more truly. It is ground and set in the same manner 
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as the jack plane, with the exception that the comers of 
the iron or blade, for about one eighth inch only, should be 
ground to a very little below the level of the rest of the 
cutting edge, the latter being made perfectly straight (or as 
near so as practically attainable) and square with the edge 
of the iron. If the end edge of the cover is made square 
with the side edge, and the iron is ground with the cover 
on, the latter will form a guide whereby to grind the iron 
edge true and square; but in such case the co^er should 
be setback so that there will be no danger of the grind- 
stone touching it. The oilstoning should be performed in 
the manner described for the jack plane, bearing in mind 
that the object to be aimed at is to be able to make as 
broad and fine a shaving as possible without the comers of 
the plane iron digging into the work. The plane iron 
should be so set that its cutting edge can only just be seen 
projecting evenly through the stock. In using the fore 
or traing plane, it is usual, on the back stroke, to twist the 
body of the plane so that it will slide along the board on its 
edge, there being no contact between the cutting edge of the 
plane iron and the face of the board, which is to preserve the 
cutting edge of the plane iron from abrasion by the wood ; 
as it is obvious that such abrasion would be much more 
destructive to the edge than the cutting duty performed 
during the front stroke would be. The face of the fore plane 
must be kept perfectly flat on the under side, which should 
be square with the sides of the plane. If the under side bo 
hollow, the plane iron edge wiU have to protrade further 
through the plane face to compensate for the hollowness of 
the latter 5 and in that case it will be impossible to take 
fine shavings off thin stuff, because the blade or iron will 
protrude too much, and as a consequence there will be an 
unnecessary amount of labor incurred in setting and reset- 
ting the plane iron. The reason that the under surface 
Bhoold be square, that is to say, at a right angle to the sides 
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of the body of the plane, is because the plane is sometimes 
used on its side on a shooting board. 

When the under surface of the plane is worn out of trae, 
let the iron be wedged in the plane mouth, but let the cut- 
ting edge of the iron be well below the surface of the plane 
stock. Then, with another-^fore plane, freshly sharpened 
and set very fine, true up the surface, and be sure the sur- 
face does not wind, which maybe ascertained b3^ the appU- 
cation of a pair of winding strips, the manner of applying 
which will be explained hereafter. If the mouth of a fore 
plane wears too wide, as it is apt in time to do, short little 
shavings, tightly curled up, will fall half in and half out of 
the mouth, and prevent the iron from cutting, and will 
cause it to leave scores in the work, entaiUng a great loss 
of time, in removing them at every few strokes. The 
smoothing plane is used for smoothing rather than truing 
work, and is made shorter than the truingplane, so as to be 
handier in using. It is sometimes impracticable to make a 
surface as smooth as desirable with a truing plane, because 
of the direction of the grain of the wood. Thus in Kg. 7, 
let B represent a piece of stuff requiring to be planed on 



the upper surface, and let us plane it, cutting in the direc- 
tion of the arrow, D. It is evident that the edge of the plane 
iron, when cutting the surface from B to A, will strike 
against the edge or end of the grain of the wood, tend- 
ing to rough it up; whereas, while passing from A to 
0, the tendency of the pressure of the iron edge would 
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be to smootli the grain of the wood downwards, the 
diflference between the two tendencies being sufficient 
to make it necessary in many cases to use a smoothing 
plane, cutting in both directions, as shown in Fig. 7, first 
from A to B, cutting in the direction of the arrow, F, 
and then from A to C, cuttingln the direction of the arrow, 
G. Thus the cutting will be at all times performed in the 
direction tending to smooth down and not rough up the 
grain of the wood. That this method of planing is neces- 
sary is demonstrated in planing across the end grain of 
wood, for which purpose the smoothing plane is almost in- 
dispensable, and in which operation it is necessary to use 
it, on small surfaces, with a side as well as with a forward 
sweep, thus producing a curved motion, the most desirable 
direction of which is determined by the direction of the 
grain of the wood. 

Fig. 8 represents an ordinary compass plane, which is a 
necessary and very useful tool for planing the surfaces of 



hollow sweeps. Tliis tool is sometimes made adjustable by 
means of a piece dovetailed in the front end of the plane, as;, 
shown in Fig. 9, at A; which, by being lowered, alters the 
sweep and finally converts it from a convex to a concave. 
There is now, however, in the market a compass plane, the 



Digitized by LjOOQIC • 



28 



PATTERN maker's ASSISTANT. 



botly of which is made of malleable iron with a sole made of 
a blade of spring steel, which, by the operation of two 
screws, can be set to any curvature, either concave or con- 
vex, within the capacity of the instrument. 



Another very useful species of plane is the router, shown 
in Fig. 10; which represents one of these planes in opera- 




tion, A being tlie router, and B the work. The use of this 
tool is to plane out recesses (exactly to any given depth) sudi 
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as are required to receive rapping plates. The wood in tbe 
plane stock is cut away just over the edge of the iron, to 
give clearance for the shavings, and so that the cutter may 
Im3 seen at work. 



Babbet planes are narrow planes having the sole or side 
of a conformation to suit the work. Fig. 11 represents a rab- 



bet plane to suit a round edge, Fig. 12, a similar plane for a 
groove, and Fig. 13 a side rabbet plane. The latter is, how- 
ever, very seldom used, but is especially useful in planing 
bard wood cogs fitted to iron wheels, or the teeth of wheel 
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patt-enis, or other similar work. One or two flat bottomed 

ones will also be required. Small thumb rabbet planes, 
having an iron stock, with the blade 
near the front end, are now supplied, 
and are very useful for cutting out half 
checks that are not cut right across the 
stuff. 

Fig. 14 is an end, and Fig. 15 a side, 
view of a core box plane, suitable for 
planing semickcular grooves out of the 
solid. The principle of its construction 
and use is that the angle in a semicircle 
is a right angle. Suppose, for example, 
that Fig. 16 represents a piece of wood 
having a semicircular groove in it, and 
we mark off on the groove the points, a, 
hj c, dj e, and strike from each of these a 

line direct to each 

comer of the groove. 

We shall thus find 

that the two lines 

struck will be at a 

right angle to eacb 

other, the two lines, 

A A, meeting at the 

point, a, being at a 

right angle. The two 

side faces, CO, of the 

plane in Fig. 14 are 

made to stand at a 

right angle to each 

other ; and while the 

plane is in position 

(as shown in Fig. 14) 

to bear against the 

corners of the core 
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box, a semicircle (the apex of the plane, D, in Fig. 14) 
most be in the semicircle, and will only cut away the 
wood in the form of the circle, no matter in what position 




the plane stands, so long as its sides touch the corners of 
the semicircle. This being the case, the first operation 
in using this plane is to cut out the required semicircle to 
the necessary width, which may be done with a rabbet 
plane. The core box plane may thus be employed to cut 
out the semicircle, commencing at each of the corners and 
planing on each side down to the center of the depth of the 

Fi(rJ7. 



semicircle. As this plane is intended to finish the work, it 
is desirable to cut away as much of the stuff as possible 
before employing it, the work appearing as shown in Fig. 
17. These planes have one disadvantage. They are apt 
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to abrade the corners of the work ; hence great care should 
be exercised in their use, and care must also be takeu that 
the extreme point of the plane iron stands just at the apex 
of the angle of the body of the plane 5 for if it be in advance 
or not up to it, the work will not be semicircular. 

Of late years there have been introduced planes having 
a stock of iron, the advantage being that the mouth does 
„. . not wear larger, the 

^* * soles keep true, and all 

parts are interchange- 
able. The blade of the 
block plane, shown in 
Fig. A, is set at a 
greater angle, as is ne- 
cessary for planing the end grain of wood. The circular 
plane, shown in Fig. 
B, is an especially 
desirable tool, be- 
cause the sole can 
be set to any desir- 
ed curve, either con- 
cave or convex, and 
the plane can be ^ 
used clear up to the 
edge of the curve ; 

in which respect it possesses an advantage over the plane 

^ ^ shown in Figs. 8 and 9. 

In Figs. C and D are 

smoothing and jointer 

planes of this class ; and 

it may be mentioned that 

the blades can be altered 

in adjustment while the 

plane is bemg operated. 

There is a sense of flatness in using these planes, that is 
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very desirable for true work. The maimer in which the 
iron fits to the blade is shown in Fig. B, the iron bein{^ 

Fig. J) 




curved to insure that it shall touch the blade close to the 
cutting edge, supporting and stiffening it so that thinner 
blades can be used^ the latter being easier to grind and 
oilstone. 

Of chisels, the principal kinds used are the paring chisel, 
used entirely by hand pressure, and the firmer chisel, for 
use with the mallet. The difference between the two is 
that the paring chisel is the longer. A paring chisel, worn 
to half its original length, will however answer for use as 
a firmer chisel, because, when so worn, it is sufllcientiy 
long for the duty. A chisel should not, however, be used 
indiscriminately as a paring and firmer chisel, for the rea- 
son that the paring chisel requires to be kept in much bet- 
ter order than the firmer chisel does. It is necessary to 
have several sizes of chisels, varying in width from an 
eighth of an inch to an inch and a half. A paring chisel 
for general use is shown in Fig. 18. Its width is about 
one and a half inch, and its handle should be exactly of 
the form shown in the engraving ; the total length of handle 
2» 
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being six inches^ from A to B being one and a half inch, 
and the diameter at C, and from B upwards, being one and 
a half inch. The hollow below B is of three-eis:hths inch 



^- 



21. 



Fy. 



Uf.20. 



radios, and the diameter at D is one inch . This shape and 
size gives a good purchase, especially from A to B, where 
the hand is most often applied, the end, E^ being against 
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the operator's shoulder. A firmer chisel having a handle 
of the ordinary pattern is shown in Fig. 19. 

Cliisels are sharpened in the same manner as plane irons 5 
but being usually narrower, they require special attention 
in the grinding, as they should be held against the grind- 
stone with an amount of pressure proportionate to their 
width. In describing Figs. 5 and 6, it was explained how 
a long feather edge may be given to a tool in the grinding 5 
and these remarks apply especially to chisels. Hence, to- 
wards the finishing part of the grinding operation, the 
chisel should be held very lightly against the stone 5 the 
flat face of the chisel should never be ground, but should 
be kept straight and even, otherwise the whole value of 
the tool will be impaired. In setting the edge of a chisel 
upon an oilstone, it is necessary to exercise great care that 
the hands are not elevated so as to oilstone the blade at a 
different bevel to that at which it was ground, and not to 
allow the movement of the hands to be such as to round 
off the bevel face at and near the cutting edge — an error 
which, from lack of experience, is very apt to occur. The 
position in which the bevel of the chisel should be pressed 
to the oilstone should be such that the marks made by the 
oilstone will lie fix)m the back of the bevel to the cutting 
edge, but be shown more strongly at and towards the cut- 
ting edge. The motion of the hands of the operator should 
not be simply back and forth, parallel with the length of 
the oilstone, but partly diagonal, which wiU greatly assist 
in keeping the bevel level with the oilstone. Very little 
pressure should be applied to the chisel during the latter 
part of the process of oilstoning ; and the flat face of the 
chisel should be held level with the faCe of the oilstone, and 
moved diagonally under a light pressure, suiBcient only to 
remove the wire edge. After the setting is complete, the 
chisel should be lapped upon the hand, to remove the fine 
wire edge left by the oilstone. 
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The next tool is the gouge^ of which there are sevefal 
kinds. Those having the bevel on the concave side are 
termed inside gouges 5 and when the bevel is on the convex 
side, they are called outside gouges. Gouges, like chisels, 
are also classed into firmer and paring gouges, the distinc- 
tion between the two being the same as in the case of chisels. 
It is not necessary to possess a full set of each kind of gou- 
ges ; half a set each of inside and outside will suf&ce. Fig. 
20 represents a paring, and Fig. 21 a firmer, outside gouge. 

The inside gouge may be ground a little keener than the 
chisel or plane iron, and requires care in the operation, since 
it has generally to be ground on the comer of the grindstone, 
which is rarely of the same curve as the gouge requires. 
In oilstoning a gouge, what is called a slip is employed. 
Slips are wedge-shaped xjieces of oilstone, of various curves 
and shapes, to suit the purposes for which they are applied. 
The gouge should be held in the left hand, and the sUp in 
the right, the latter being supplied with clean oil. The back 
or convex side of the gouge must be laid level on the fa^oe 
of the oilstone, and the handle worked to and from the 
workman, who must roU it at the same time, so as to bring 
every part of the curve of the gouge in contact with the 
face of the oilstone. AU the remarks upon grinding and 
oilstoning chisels apply with greater force to gouges, be- 
cause the small amount of the surface of the gouge, in con- 
tact with either the grindstone or oilstone, renders it ex- 
tremely liable to the formation of a feather edge in grinding, 
and a wire edge in oilstoning. In grinding outside gouges, 
a new feature steps in ; for if the gouge be kept at the same 
inclination throughout the grinding, as in the case of aU the 
tools heretofore mentioned, the center of the gouge will be 
keener than the comers ; to avoid which the gouge is given 
a rolling motion to bring every part against the action of 
the grindstone, while at the same time lowering the back 
hand as the corners of tlie gouge approach the stone. This 
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if evenly performed, gives an equal keenness to all parts of 
the cutting edge. The same rising and falling motion of the 
back hand is necessary in oilstoning the convex side of the 
gouge. The concave side is to be rubbed with an oilstone 
slip, taking care to let the slip be flat in the trough of the 
gouge and not elevated at the near end j for if once a habit 
of beveling, however slightly, the flat faces of tools is oon- 
ti'acted, it tends to increase, so that the tools finally lose 
their characteristics, and are in fact ruined, so far as their 
application to good work is concerned. 

Several sizes of squares are necessary to the pattern mak- 
er, because his work necessitates in many cases that the 
blade be short, in order to admit of its application to the 



work. Pig. 22 represents an ordinary try square j the blade 
should be of sawblade, and the back of hard wood, the in- 
side and outside edges of the back being covered with sheet 
metal, to prevent undue wear. 

In Fig. F is shown a try square which can be used as a 
simple square or as a mitre square. By simply changing 
Uie position of the handle, and bringing the mitred face at 
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the top of the handle against one edge of the work m hand^ 
a perfect mitre, or angle of forty-five degrees^ can be struck 
&om either edge of the blade. 

Fiff.F. 



iwo Kinus, one oenig 
I plain, and having no means of i>ermanent adjustment, as 
shown in Fig. 24. This is used for casual measui*ements or 
marking. The other has an attachment by which it may be 
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permaDently set, as shown in Fig. 25, in which A represents 
a thumb screw employed to set one leg firmly against the 
radius piece, C, and B being an adjusting screw for finally 
adjusting the compass points after the thumb screw, A, is 
fastened, the spring, D, operating to keep the leg, E, firm- 
ly against the face of the screw, B 5 so that, when the ad- 
justment of the compass points is once properly made, the 
compasses may be laid uxKm the bench and used from time 



to time without danger of the adjustment being altered by 
handling or by a slight blow. 



Digitized by LjOOQIC 



40 PATTERN MAKER'S ASSISTANT. 

An excellent attachment for compass points has lately 
come into use; it is for the purpose of festening to the 
marking leg a pencil, to avoid scratching the surface of the 
work with the compass point. This device and its mode 
of application are shown in Fig. 26, in which A represents 
a thill tube with the feet, G G, ou it, and provided with the 
spUt, B. C is a clamp, provided with a thumbsci-cw, K. 



D represents one of the compass legs. F is a piece of lead 
pencil which passes through the tube, A. The attachment 
iswBlipped on the compass leg, and the screw is tightened 
up, clamping that leg to the feet, G G, and clamping at the 
same time the pencil in the tube. Another of these attach- 
ments, in which the pencil point is ac^^ustable in a direction 
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olSier than that in which the compass point stands, is 
shown in Fig. 27, the pencil tnbe being swiveled at A, and 
B representing the compass leg. 

The points of compasses should 
be forged out when they get thick 
from wearing short, and they 
should be tempered to a blue 
color. For marking small holes, 
compasses are too cumbersome for 
fine work, and spring dividers are 
preferable. A recent improvement 
in these tools consists in making 
the spring helical, as shown in 
Fig. 20, instead of making it broad, 
flat, and thin, as formerly. 

Of gages for drawing marking 
lines at any regulated distance 
from the finished edge or edges 
of the work, there are several 
kinds. First we have that shown in Fig. 29, which 
is the kind ordinarily sold; others have, instead of the 




set screw, a wedge running lengthwise, as shown in Fig. 
30. A better gage, however, than either of these is that 
shown in Fig. 31, in which A represents the tightening 
wedge, standing at a right angle to the rod of the gage. 
The advantage of this design is that it requires only one 
hand to work it, inasmuch as the wedge may be loosened 
or tightened by striking it, as if it were a hammer, against 
2^^ 
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anyttuDg that may happen to lie on the bench. Thus the 
gage may be set and adjusted with one hand, while the oth- 
er is holding the work, as is often necessary when marking 
small work. The marking point should be a piece of steel 




wire fitted tightly in the stem, the protrading part being 
ground or filed to a wedge, with the two facets slightly 
rounding, and whose broad faces stand at a right angle to 
the stem of the gage ; the point or edge only projecting suf- 
6ciently to produce a line clear enough to work by ; other- 



wise it will not be suitable for accurate work. The mortise 
gage is similar to the above as regards the stem and slid- 
ing piece, but it is provided with two marking points, their 
distance apart being adjustable. Fig. 32 represents the 
gage referred to, the head screw working in brass nuts. 



On account of the narrowness of the base afforded by the 
gliding piece on the common gage, there is not suf&cient 
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steadiness to gage to any great width, so that for widths 
above ten or eleven inches we must have recourse to the 
gage shown in Fig. 33. It is called the panel gage ; its 
sliding piece may be seven inches long, and the stem two 

rur33. 




feet ; the rabbeting at A forms a steadying base, the part 
of ihe tod about the marking point being raised to corre- 
spond with the distance frony^he rabbet to the stem nut. 
Next we have the cutting gage, shown in Fig. 34, in which a 
steel cutter takes the place of the marking point, being 




wedged in position. It is employed to cut thin strips of 
wood ; that is to say, of thicknesses up to about a quarter 
of an inch. The cutter point should be tempered to a dark 
straw color. 
In Fig. O is shown a gage in which one side has a fixed 

Fig. 0. 



point, and the other an adjustable one for mortise and oth- 
er similar work, the movable point being operated by the 
thumbscrew shown at the end« 
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For marking off carves or large circles, we require a pair 
of beam compasses or trammels, as shown in Fig. 35. They 
are composed of two sliding sockets, made of either wood 
or metal, fitted, at a sliding fit, to a staff. They are made 
of various designs, to suit the taste of the maker, and are 
often made by the pattern maker himself during his term 
of probation. The st^le shown in Fig. 35 is one very easily 
made. A A represents a staff of any desired length, com- 
posed of common pine. B and are the two sliding sock- 
ets or holders ; the mortises in them are made to fit the 



thickness of the staff, but they are longer than they are 
wide, to admit of the fastening wedge. They may be 
made of pome hard wood, such as maple. The lower parts 
being turned and fitted with brass ferrules, a small hole is 
then drilled up the turned end of each, into which brad- 
awls of large size are driven ; they are then pointed on a 
grindstone. The wedges are made with a gib head on the 
small end, so as to prevent them from flying out when tap- 
ped back to loosen the sliding sockets from the stafi^ for 
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a4jiistment If maple be use<l for the sockets, then the 

wedges may be made of a dark colored wood, sandpapered 

and varnished two or three times, which will give them a 

neat appearance. J\Iade 

as above described, the Fui.36^ 

trammels will be light 

and almost everlasting ; 

and as the materials are 

always at hand, the cost 

is a minimum. 

In place of the wedge, 
a screw may be, and 
sometimes is used, in 
which case a packing 
piece of either wood or 
sheet brass should be 
inserted, as shown in 
Fig. 36, at A, which 
will protect the staff — 

fix)m being indented by the end of the screw when the 
latter is tightened up. 

Our next requirement is the straight edge, which, for 
small work, is better of steel than of wood. A straight 
edge is a piece of stuff whose edges are straight and par- 
allel to each other, which is necessary because they are 
sometimes used in conjunction with the square. A pair of 
straight edges, termed winding strips, are indisx)eusable \ 
their use is shown in Fig. 37, in which A is a piece of work 
requiring to have its edge true j B B are the winding strips, 
placed on the work as shown, so that by casthig the eye along 
the upper edge of one strip, and leveling the head so that 
the edge of one strip will be brought nearly horizontally 
level with the other, it will readily be perceived whether 
the two are level one with the other, and hence whether 
the face of the work is true. Winding strips are simply 
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pieces, of wood made parallel and true, and generally 
aboat two feet long, three or four inches wide, and about 
five-eighths of an inch thick. When the edges have been 
made as straight as possible with the truing plane, one of 
these should be lightly chalked on its edge face and laid 
upon the other, and then moved back and forth through 
a distance of about one-half inch. The upper one should 
not be pressed to the lower, but allowed to lie of its own 
weight ; otherwise it will spring to suit the outline of the 
lower one, or bear upon it at the points pressed by the 
hands. Before separating the two, take a blacklead pen- 



cil and make a mark on one side of each, so as always to 
bo able to bring the pieces together in the same way. 
Then separate them and ease away the high places, con- 
tinuing the truing operation until they bear all over. In 
placing them upon the work, be carefiil that they stand 
parallel to each other ; that is to say, that the distance 
between them is about the same at each end, otherwise 
the eye will be misled in sighting them when on the work. 
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In Fig. 38, we have an ordinary screwdriver, the point 
of which should be shaped as shown at A, in Fig. 39, and 
not as shown at B, as is usually the case, because if the 
part entering the screw head is tapered, it not only raises 
a burr on the screw head, but it is liable 
to slip out, even from a screw that drives 
easily, and much more from one that 
drives liard. To grind it to the shape 
shown at A, it should be ground on that 
side of the stone m which the latter is 
running toward you, the length of the 
screwdriver being at a right angle to the 
plane of the stone and the handle held in 
one hand, while the driving end is held 
in the other, which should be supported 
by the grindstone rest. K the stone is a 
small one, the screwdriver, while being 
ground in this position, should be moved 
a little, so that first one comer and then 
the other will approach the stone, so as 
to prevent the grinding from being hol- 
low, which would weaken the screwdriver 
point by thinning it in the middle. Screw- 
drivers should be made of cast steel, and 
tempered at the point to a blue color. 

The mallets should be of hickory, and 
of the form shown in Fig. 40 ; the sizes 
being, one 2^x3x5 inches long, and an- 
other about 3x3^x5^ inches long, the 
handles being mortised and properly wedged to the. head. 

Of oilstones there should properly be two, one for rough- 
ing and one for finishing. Wichita or Arkansas stones 
are even in grain and cut well, and are the best for our pur- 
I)Ose. In addition to the large oilstone, a number of slips 
of oilstone are necessary^ some being flat, others half lound 
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and flat, witli round edges, tbeir uses being for gouges aud 
other tools in wliicli the cutting edges aix) hollow or curved. 
The general oilstone should be kept with a flat face, other- 
wise it will be impossible to properly set plane blades, 
firmer and paring chisels, and other similar tools uik)ii it. 
With this object in view, the workman should set smf*ll 
tools upon the ends, so as to prevent the stone from be- 
coming hollow in the middle. When it becomes necessaiy 
to griud the face of the oilstone, it may be done upon the 
grindstone ; but a better plan is to take a flat board and 
liberally supply it with clean sand and water, and then 
grind the oilstone on it by hand, leaving the face a little 
roundiug in its length, by easing it off at each end, but 



leaving it flat across the face, by which means it will last 
longer without regrinding. There are some stones which 
are used with water instead of oil 5 they do not cut, as a rule, 
very freely, but the finer grades of them will cut unusually 
smooth. These are the descriptions used by the Japanese 
workmen, who use two stones, one to rough cut, which cuts 
very freely; the other to finish, which seems to grip the 
metal firmly, rendering it easy to keep the tool at the ne- 
cessary angle and level, while at the same time it cuts very 
finely indeed. The first is a bright yellow stone, the latter is 
of a green slate color — hot water beiug used on both of them. 
Aside from those alre^y mentioned, we have the Turkey 
stonBi a close-grained and amber-colored stonC; which cuts. 
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freely or fine, according to the grade of the stone. For all 
ordinary i>urposes the Arkansas stone will suffice, and it 
is obtaianble at almost every hardware store. The oil- 
stone for general use should be fitted into a block of wood, 
having a margin outside of the stone of one half inch on 
each side, and about an inch at each end, the block being 
hollowed on the bottom face so that it will stand firmly and 
not rock when in use. It should also be provided with a 
cover, to prevent dust and dirt from accumulating upon it. 
Two pairs of inside and three pairs of outside calipers 
are necessary to the pattern maker, the smallest of each 
pair being large enough to take in diameter up to four 
inches, the largest from four up to about ten inches. The 
other pair of outside cahpers may be large enough to use 
upon diameters from ten to eighteen inches. For bores 
above ten inches a wire gage may 
be used, by bending a piece of wire jpifj ^j ^ 

as shown in Fig. 41, which may be 
shortened by being bent more, or 
lengthened by being straightened. 

It is preferable to make an adjustable gage, such as shown 
in Fig. 42, in which A and B represent two sliding pieces 
of steely and and D screws and nuts. It is obvious that. 





when the screws are loosened sufficiently to just let the 
sliding pieces move by a sUght tap, the gage may be ex- 
tended by striking the ends, By or either of them, thdrin- 
3 
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side edges beiugrouuded off to pi-eveut them from barring. 
It is better to set them at fii-st a little below the required 
size, and to perform the adjustment by opening them, so as 
not to require to strike the i)oint at all. The iwints should, 
however, in any event, be tempered to a blue. It is an ex- 
cellent plan to file away the screw heads on two sides, a 
little, say 3^ inch, thus forming a sliding piece under each 
head to fit into the slot of the gage, which will prevent the 
screws from turning when screwed or unscrewed, and in 
the end save much annoyance. A small machinist's square 
and a steel rule are also necessary for small fine work, the 
wooden ones being too clumsy. The edges of the rule should 
be trued so that it may be used as a straight edge. 
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LATHE — LATHE CHUCKS, AND LATHE TOOLS. 

To give the required form to various patterns, recourse 
must frequently be had to that useful machine, the lathe. 
The lathe adapted for pattern work is strong and steady 
in the firamework, to avoid the tremor resulting from the 
high speed at which it is driven. It should be of good and 
durable workmansliip, and should also be handy ; that is to 
say, the parts requiring. frequent adjustment should be 
provided with the readiest means for accomplishing that 
end J and especially is this the case with the hand rest and 
the manner of holding it to the lathe bed^ as it is, in the 




progress of a piece of work, almost constantly changed in 
position. Fig. 43 shows the method, still followed by 
many wood turners, of holding the hand rest; it is a prim- 
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itivo arrangement, but the tightening and loosening of the 
wedge, E, is tbund to take less time than screwing up the 
nat D. In Fig. 43, A is the hand re«t, B B the lathe 
shears, the clamp, and D the nut upon the bolt, E, the 
liead of which slides in a groove running along the foot of 
the hand rest. It will be observed that the nut, being b^ 
neath the lathe shears, is somewhat unhandy to get at, and 
the wrench may not perhaps at the moment be at hand 5 
while, in any event, screwing up a nut with a wrench is a 
slow process. In some cases there is substituted, for the 
nut, a wheel with a tapped hole in its center ; but it is still 
not perfect, because the workman, in slacking it off, gives 
the wheel a twist j and while his attention is absorbed in 
the intricacy of his work, the momentum of the rim of the 
wheel has kept it turning, so that it either unscrews itself 
altogether and falls oif, or runs so far back that it requires 
handling twice to bring it liome when refastening it. A 
much better method is now in many case^ adopted 5 it 
is shown in Fig. 44, in which A A represents the lathe 
shears, B the hand rest, C the fastening bolt, D a piece 
hinged at each end and having through its center a hole to 
receive the fastening bolt, and a countersink or recess to 
receive the nut and prevent it unscrewing. E represents a 
hinged plate, and F a lever having a cam at its pivoted 
end. A slot for the fastening bolt to pass through is pro- 
vided in the plate, E. In this arrangement, a very moder- 
ate amount of force applied to bring up the cam lever will 
cause the plate, D, to be pressed down, carrying with it 
the nut. This arrangement is simple, cheap, durable, and 
very handy, and may be aixplied on any existing lathe to 
the hand rest, slide rest, or tail stock. There are other 
simple and useful contrivances devised for the same pur- 
pose ; but generally speaking, the lathe requires to be de- 
signed to accommodate them, and they are not superior in 
action to the system above described. 
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The running head of the lathe requires particular men- 
tion. The mandrel should always be of steel, turned true, 
hardened, and trued by an emery wheel, after the harden- 
ing process. It should be well fitted to its bearing j for if 
it is not, an unpleasant jarring noise will be produced 
when the latter is set in motion. 








Hard steel coned bearings are very desirable, and will 
work perfectly when properly made, lasting practically un- 
impaired for years. They are, however, expensive to 
make ; and in view of the present active competition in 
producing cheaply, most mechanics, knowing the difficulty 
attending the proper fitting of this style of mandrel, feel 
more or less dubious as to the perfection of such lathes 
until they have been well tried. Next to a hard steel coned 
bearing, we should prefer a cylindrical one of hard brass ; 
that is to say, a mixture of five parts copper, one pait tin, 
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and one quarter part zinc. The length of the journal 
should be three times its diameter; the brasses should 
be made in halves, and adjusted so that the faces of the 
brasses are butted when the cap screws are tightened home, 
and the journal is at a neat working fit in the bearings. 
It will then be a long time before the brasses will require 
letting together for adjustment. If, however, the joint 
faces of the brasses are left open, the cap screws are apt 
to slack back, there being no pressure on them, to retain 
them in their places. It is an advantage to have the man- 
drel bored nearly through its length, say within one inch 
of the tail pin or screw, whose coned end forms the bear- 
ing for that end of the mandrel. The size of the hole re- 
ferred to should be as large as consistent with the strength 
of the mandreL This arrangement is shown in Fig. 45. 




The usefulness of this bore or hole is tbat when a number 
of small pieces require to be turned, a nipping chuck can 
be screwed on the mandrel, and a long piee^<)4'<Mi^A>a^v^^ 
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pushed ap the hole, and the projecting end to be operated 
upon nipped in the chuck j then, when a piece is finished, 
all we have to do is to advance our long piece of stuff and 
proceed again. 

The method ordinarily employed is to drive a plug into 
the mandrel, and form the projecting end to the shape re- 
quired. By this plan more stuff is lost than is used ; and 
if tbe plug is not well fitted and driven, it loosens while be- 
ing opei-ated upon, to say notliing of the trouble of extract- 
ing the stub from the mandrel when the work is cut off. 
Another piupose served by the long bore is that it will 
form a guide for a boring bar. 

The cone pulleys should be as light as possible for a pow- 
er lathe. Hard wood is very suitable for them, the manner 
of fastening to the mandrel being shown in Fig. 45. The 
cone pulley, A, is bored to fit the mandrel, B, tightly, and 
secured at the end to receive the light brass bush, O, 
which is keyed to the mandrel and screwed to the pulley. 
The reason for making the cone pulley of wood is that, if 
it were of iron, and consequently heavy, it would, from its 
weight, require time to get up to its full speed ; and from 
its momentum, it would take some little time to stop in 
both cases, especially if the work were heavy. The tail 
stock should, in addition to the hand wheel be provided 
with an arm ; and a lever, to give rapid motion to the spindle 
when used for boring purposes, should be added, the ar- 
rangement being as illustrated in Fig. 46, in which A rep- 
resents the arm or fulcrum, and B the lever, which is ap- 
plied after the hand wheel is removed. The end of the screw 
must be cut like a double eye. The long hole or slot in the 
middle of the line is to allow for the difference in the di- 
rection of the motion, since the lever moves from its end 
as a center, while the tail stock spindle moves in a straight 
line. The supporting frames of the lathe need not be very 
heavy, but should be well braced to the shears or bed, and 
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screwed fa43t to the floor. It is not an nncommon thing, 
when an nnnsnally large job is being done in the lathe, to 



brace or shore the lathe by means of braces placed between 
the lathe shears and the floor, wall, and ceiling. Of this 
arrangement it is sufficient to say that it is merely a 
make-shift, and is only resorted to when the floor is 
springy. In cases where it is necessary to use one lathe 
for both large and small work, the countershaft overhead 
should be so placed that the belt will run quarter-cross 
when the lathe head is placed across the bed, in which 
position there will be full swing for large work from floor 
to ceiling. 

It remains now to provide, for large work, a means of 
supporting the hand rest. The handiest is the portable 
tripod rest shown in Fig. 47. The legs, AAA, are curved 
so as to get the rest close up to a large chuck. Heavy 
weights, in the form of a U, as shown at B B B, may be 
clamped, by means of the set screw, to the legs, to give ad- 
ditional steadiness if required j but if good spread be given 
to the legs, so that they may form an angle of about GO^ 
to the floor (taken froni the point of the foot to where the 
leg joins the hub), the weights may be dispensed with ; and 
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at the same time more space will be occupied, so that it 
may not be i)Ossible at all times, on account of surround- 
ing objects, to get such 
a broadly spread rest in- 
to the position required ; 
hence a narrower spread 
in conjunction with the 
weights, is, under such 
cx)ndition, the most desi- 
rable. 

We come now to the 
various chucking contriv- 
ances emj>loyed by the 
pattern maker. In Fig. 
48, A represents a fork 
center, the taper part of 
which fits into the lathe 
mandrel in place of a 
center, the extreme end, 
B, being a flat projection, 
providing that there is a 

recess in the mandrel to receive it, as there should be. 

But if the lathe mandrel is 
bored up a great distance, then 
the extra length which may be 
given to the conical i)art of the 
fork will cause adhesion suf- 
cient to drive the work. The 
broad part is wedge-shaped on 
the edge view, the center point, 
O, behig turned conical, similar 
to a common center. The cen- 
ter, C, acts to keep the work 
true, and as a guide in taking the work in and out of the 
lathe, while the prongs, 1) and E, drive it. This tool, 
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however, is ooly to be depended upon for small work; 
for larger work, center plates are used. They are made 
of metal and screwed firmly to the work. Of these cen- 
ter plates, one has a slot in it, so that it may be used in 
conjunction with the fork 5 while another has a conical 
hole in the center, which hole is made to fit the back 
center of the lathe. They may be made of hard wood, 

screwed to a small ux)n face 
plate; such plates are made 
usefiU for a variety of pur- 
poses. A pair of such center 
plates are shown in Fig. 49 — 
A being that to receive the 
back center, and B that for tlio fork center. Another driv- 
ing chuck for small work is shown in Fig. 50, the part. A, 
having an internal screw to fit the driving screw on the 
lathe spindle, and the point, 
B, being a coarse screw intend- 
ed to screw into the work ; 
which latter should have a 
small hole bored up it to pre- 
vent (especially in the case of 
hard woods) the i>ressure of 
the screw from splitting the 
work. 

From the appUances for turn- 
ing work between the centers, 
we pass to those for holding 
work independent of the back 
center of the lathe by means 
of chucks, the name by which 
such appliances are generally known. Fig. 51 is a back 
view of a face plate, to which work may be held by 
screws ; the usual method, however, is to screw to the face 
plate a disk of wood, and then to true the wood across the 
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fooe and on the diameter. The work is then fixed to the 
new surface thus obtained. Many good purposes are serv- 
ed by the intervention of the disk of wood (or chuck, as it 
is usually termed) between the metal wij^Fi] 
plate and the work. For instance, it is 
a guard which effectually prevents the 
turning tools from touching the metal 
of the face plate. It supports the work 
(being nearly of the same size) when 
required, and obviates the necessity of 
having more than three or four face 
plates of metal. Its surface is readily 
made to conform to the shape of the 
work, and furthermore it is very readily 
trued up. When we have to deal with 
large sizes, a mere disk of wood will 
not serve, as it will be too weak across 
the grain: and here it may be remarked that the work 
often supports the chuck, and therefore we should always, 

io fixing, make the grain 

1 of the work cross that 

of the chuck, because 

the centrifugal force due 

to the high velocity is 

so great that both the 

chuck and the work 

have before now been 

rent asunder by reason 

of the non-observance of 

this apparently small 

matter. When it is considered that the chuck has not 

sufficient strength across the grain, battens should be 

screwed on at the backj but a chuck so strengthened 

will require truing frequently, on account of the strains to 

which its fibers will be subjected from the unequal expan< 
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sion or contraction of its comx>onent parts. Fig. 52 shows 
the back of a chuck strengthened by the battens, AAA. 
Another method of making a chuck is shown in Fig. 53. 
»It is considered superior to the former, from its greater 
ability to resist outward strains in every direction, while 
the strains to which it must necessarily be subject, from 
variations of temperature and humidity, are less than in the 
former. It will also be found that it can be trued with 
greater facility, especially on the diameter, as the turning 
tool will not be exposed to the end grain of the wood. To 
make one of these chucks about 2 feet in diameter, we pro- 
ceed as follows : Procuring two bars for the back, say 4x2 



inches and 2 feet long, we plane them all over ; then in the 
middle of each we cut out the recess (shown at A in Fig. 
53) to a depth equal to half the thickness, the width Qf the 
recess being equal to that of the bar 5 this process is term- 
ed half checking. We next fasten these bars together by 
gluing and screwing them at the center, driving the screws 
thightly home while the glue is warm. Upon the cross thus 
formed, we superpose the segments shown in the front view 
of Fig. 53, at B B B ; these may be of almost any thipk- 
ness, say from J to IJ inch. They should be planed on 
the back, and should not extend to the center, but leave 
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an open space (as shown in Fig. 53, at 0) of about 4 or 5 
inches. This opening can be filled, if desired, by screwing 
on a square piece. If the segments were carried to the cen- 
ter, they would be too weak to bear a screw near that point j 
and again, in large chucks we very seldom require to use 
the part about the center. Chucks of very large size — that 
is to say, from 4 feet upwards — will require more support 
than is afforded by the four arms of the cross. Three bars 
can be put together, so as to give six arms, which will an- 
swer probably for a 6 or 7 feet chuck. For still larger sizes, 
it is necessary to cast a strong circular plate to form the 
middle of the chuck, and to then bolt the requisite number 
of arms to it. The strength of the chuck will of course 
depend upon the number of arms and their depths ; and 
unless the chuck is 
very substantial, a 
difficulty will be ex- 
perienced in turn- 
ing, on account of 
the tremor. A chuck 
having the middle 
of iron and the out- 
side of wood, sup- 
ported by arms, is 
shown in Fig. 54. 

In shops where 
the size of the work 
necessitates the em- 
ployment of chucks 
of so large a diame- 
ter, a special lathe 

is of great advantage, because a lathe having an elevated 
bed is so tremulous and shaky ; while those having largo 
solid heads are too cumbersome, and are not belted to run at 
a sufficiently high rate of speed* In such cases, the arrange^ 
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ment shown in Fig. 55 is an excellent one. A represents 
a lathe head bolted finnly to two uprights^ B B, which are 
firmly fixed to the joists, C, and to the flooring at D, right 
over and upon the joists supporting the flooring, or else 




upon beams provided for the purpose. By this means the 
work may, if the lathe head is fixed midway upon the posts, 
JB B, be as large as the space between the ceiling and the 

. flooring will admit, a movable tripod rest, such as shown 

' iu Fig. 47, being emi^loyed for a tool rest. 

• Fig. 5G represents a side and face view of a very useful 

iehuck, suitable for holding core boxes while boring them. 
It is showu attached to one of tbe metal phites that fit the 
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mandrel of the lathe, and is usually made of hard wood; 
but for a large sized one, say 15 or more inches in diameter, 
the disk portion, A, may be made of pine wood. The 



two sides, B B, are firmly fixed to the disk, their inner 
edges being planed at an acute angle to it. The work is 
held by driving the wedges, O C, and may be truly chuck- 
c<l by them in a comparatively short space of time. 

Another very useful chuck is shown in Fig. 57. It will 
answer the same purposes as that shown in Fig. 56. It 
is, however, made entirely of metal, somewhat similar to a 
machinist's dog chuck, but much lighter. Pieces of wood 
may bo screwed on the jaws at A A, and bored to the cur- 
vature of any round piece of wood — an advantage which 
the chuck shown in Fig. 5G does not possess. Or Hie jaws 
iiifiy bo tiu'ned round in their places, so that.tlie faces, A 
A, will stand outwards, and the wooden pieces screwed 
tliercoji may bo made to fit a hole. This chuck will be 
found to save luuch time over the plan of screwing work 
to the common face plate. V pieces of wood may be fixed to 
the jaws, and a piece of work in the rough held by them 
during the process of facing, boring, and tiu^ning the pro- 
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jecHng part. The work can then be reversed in the chuck, 
and sinular operations performed on the opposite end ; and 
the work can be taken &om the lathe and tried as to either 



1 



fit or conformation, and, if necessary, restored in a mo- 
ment to its original position in the cliuck, so as to run 
quite true ; but at the same time, for first class work, it is 
better not to use the Vs on finished surfaces. For holding 
bits and small work, neat Uttle chucks may be purchased 
at the hardware stores, and they act similarly to the uip- 
jjiug arrangements appUed to boring braces. These chucks 
can be supplied to screw on the lathe mandrel 5 or they 
will, with a taper shank, fit into the taper holes i^rovided 
to fit the Uitlio centers. It is well to have one of each, so 
as to be able to use one of them in place of the still lathe 
center, to operate upon work already chucked on the face 
plate of the lathe. 

A simple and very useful chuck still remains to be de- 
scribed, being what is known as the cement chuck, which is 
made as follows: A disk of Lard wood is screwed to a 
metal plate, where it should remain permanently ; but if 
the face plate cannot be spared, bore a sUghtly taper hole 
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throagh the disk, a Utile smaller than the diameter of the 
screw of the lathe mandrel, and partly through the disk. 
Then screw the disk on the mandrel, working the disk 
backwards and forwards to form a thread in the bore of 
the disk, and then turn and face it perfectly true. Then 
bore a small hole in its center, and drive in a piece of soft 
steel wire, leaving a short length zh,r [:q 
projecting from the face, and turn it "^ 
to a i)oint, as shown in Fig. 58. 

The object of this chuck is to drive 
thin, delicate work, which it would 
be diflcult to screw or clamp by ad- 
hesion, and this is accomplished as 
follows: We first prepare a wax, 
composed of 8 parts of resin to 1 of 
the best beeswax, melted and well 
stirred together, and run into tubes 
of paper or other suitable molds. To 
chuck the work, we take a stick of 
the wax, and press its end against 
the face of the chuck while the lathe 
is running, and then place the cen- 
ter of the piece of work on the steel 
X>oint, applying sufficient pressure to cause the steel point 
to force its way into the work. Just before the work 
touches the wax surface, we throw the lathe belt on to the 
loose pulley ; and the momentum of the lathe, combined 
with a moderately heavy pressure, will generate, by fricr 
tion, sufiQcient heat to melt the wax and cause the work to 
adhere to the chuck. The work may be detached, when 
necessary, by inserting behind it a thin wedge or blade. 

TURNING TOOLS. 

The turning work necessary in making patterns is usu- 
ally done by hand; although on small and plain work. 
3## 
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SQch as simple boring and facing, slide rest tools may be 

used to advantage, inasmuch as they will operate quicker 

than hand tools. Since, however, pattern lathes are not 

usually provided with slide rests, we shall confine our 

— remarks to hand tools. For roughing 

tW.oS. out, the turning gouge, shown in Fig. 

J 69, is used. In grinding this gouge, it 

^ is necessary to lower the back hand 

when grinding at and towards the 

outside comers, so that the cutting 

edges may be formed, by tl^e junction 

of two faces, at as acute an angle as 

those forming the cutting edge in the 

centre of the width of the tool. 

It is always the custom to reduce 
the work in the lathe to nearly the re- 
quired form by this tool, the finishing 
tools being (with one exception) sim- 
ply scraping tools, and not, properly 
speaking, cutting tools; hence it is 
evidently inadvisable to leave much 
for them to take off. The manner of 
holding the gouge is shown in Fig. 60. 
One hand grasps the handle near the 
end, while the other grasps the gouge 
near the cutting point, that is to say, 
as near as the hand rest will permit 
It is sometimes, however, necessary 
to slightly vary the manner of holding, 
by passing the forefinger of one hand 
around the hand rest while the gouge is confined between 
the thumb and forefinger, thus gripping the gouge end to 
the rest. Tliis is advisable when turning a piece of work 
that is not completely round, as, for instance, tii)ping off 
the teeth of a gear wheel, in which case gripping the gouge 
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to tiie hand rest will steady it and prevent it from digging 
into the work. The gouge is shown, in Fig, 60, to be cut- 
ting from right to left 5 it 
will, however, cut equally Fl^. 60. 

well if used from left to 
right, in which case the 
position of the hands 
must be reversed, the 
left hand gripping the 
gouge near the cutting 
edge. In either case, 
however, the gouge is 
not held horizontally 
level, but is tilted to one 
side, the lower side being 
the cutting one, other- 
wise the tool would rip 
into the work. 

Fig. 61 shows the sec- 
tion of the tool and the 
tilt of the tool when cut- 
ting from right to left; 
while that of the tool, A, 
shows tilt when cutting 
from left to right. The 

reasons for this are as follows : The face of the gouge, on 
its hollow side and 

near the cutthig JfUf.bL 

edge, receives the 
strain which is ne- 
cessary tq ciu-l the 
shaving, that is to 
say, which is ne- 
cessary to force it 
out of the straight 



.% 



^ 



^ 
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line. But if we were to place the gouge in the position 
shown in Fig. 61, at 0, the whole of this strain would be 
placed upon the gouge, tending to force it forward and into 
the cut, as denoted by the direction of the arrow ; and as 
a consequence, the gouge would run forward and dig into 
the work, in spite 

of all endeavors Fiff.62. 

to prevent it. 
When, however, 
the gouge is held 
in the positions 
relative to its line 
oftraveltoitscut, 
shown in Fig. 61, 
at A and B, there 
is but little ten- 
dency for it to run 
forward, and it 
can be fed easily 
to its cut. In ad- 
dition to its use 
as a roughing tool, 

the gouge makes a very eflftcient finishing tool 
for hollows, though it is not often employed as 
such by pattern makers. In this case, however, 
great care must be taken in controlling its posi- 
tion to the work, as shown in Fig. 61. 

For finishing plain work, we have the tool 
shown in Fig. 62, which is the exception noted 
previously as being a finishing and, at the same 
time, a cutting tool. It is called a skew chisel, • 
because its cutting edge is ground at an angle 
or^askew to the center line of its length. Fur- 
thermore, it is beveled at the cutting end on both sides 
(as shown in the edge view), being ground very keen. It is 
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employed for finisbing straight or parallel surfaces, and 
for dressing down the ends or down the sides of a collar 
or shoulder. When used for finishing straight or paraiMel 
surfaces, it performs its cutting in the center of the length 
of its cutting edge only, as shown at A, in Fig. 03, and is 
held in the position relative to the work shown in Fig. 62. 
When nicely sharpened it leaves a polish, unlike other 
finishing tools; but 
with these advan- 
tages, it has a draw- 
back (and a serious 
one) to learners, as 
it seems to have a 
terrible propensity 
for tearing into the 
work, whether it is 
used upon the cir- 
cumference or facing 
the shoulders of the 
work. This diflSculty 
can only be over- 
come by practice, 
and the reason lies 
in the diflQculty of 
learning how to 
handle the tool with 
dexterity. It must 
be held almost flat 

to the work ; and yet, if it should get quite flat, against the 
work, the cutting edge would cut along its whole length, 
and the pressure of the cut would be suflScient to force the 
tool edge deeper into the work than is intended, which 
process would continue, causing the tool to rip in and spoil 
the work. The face of the chisel nearest to the facfe of the 
work being operated upon, stands almost parallel^ with 
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just sufficient tilt of the tool to let the cutting edge meet 
the work in advance of the inside face of the tool ; or in 
otlier words, the amount of the tilt should be about that 
of the intended depth of the cut 5 so that, when the cutting 
edge of the tool has entered the woo<l to the requisite 
depth, the flat face will bear against the work and form a 
guide to the cutting edge. The corner of the chisel which 
is not cutting must be kept clear of the work. Fig. 63 will 
convey the idea, the arrows showing the direction in which 
the chisel is, in each case, supposed to be traveling. 

Tlie short lines, A and B, under the arrows, and those 
touching the collar, at C and D, show the tilt or incline of 

the chisel to the 
work. In turning 
the circumference, 
the obtuse corner of 
the chisel is the cut- 
ting one; while in 
turning down a side 
• face, it is the acute 
angle. Most pattern 
makers, however, 
do not often use 
the skew chisel for 
finishing straight 
cylindrical work, 
because it is liable 
to make the surface 
of the work more or 
less wavy. It is, 
however, almost al- 
ways used for cut- 
ting off and for 
cutting down shoulders, for which purpose it is highly ad- 
vantageous. For circumfei'ential work on cylindrical sur- 
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faces^ an ordinary chisel is mostly employed, the position 
in which it is held to the work causing it to scrape rather 
than cut. A worn-out paring chisel is as good as any. 
Such a chisel is shown in Fig. C4, the position in which it 
is held being illustrated by A, which represents a section 
of a piece of cyhndrical work ; B representing the chisel, 
and C the hand rest. Some pattern makers prefer to in- 
crease the keenness of this tool by holduig it so that the 
plane of its length lies in the direction denoted by the dot- 
ted line, D j this, however, renders it more likely to rip 
into the work, and 

the position shown is ^ C/ r 

all that is necessary, 
providing the cut- 
ting edge be kept 
properly sharpened. 
This chisel is also 
used on side faces. 

Still another tool, 
sometimes used for 
finishing plain cyhn- 
drical surfaces and 
side faces, is that 
shown in Fig. 65, at 
A. It is used in the 
same manner and re- 
lative position as 
the chisel shown 
above, in Fig. 64. 

For finishing hol- 
lows, which should 
first be roughed out 

with the gouge, the form of tool shown at B, in Fig. 65, 
should be used. Several of these tools, of various sizes, 
should be kept ; they are used in the same position as the 
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finishing cliisel, shown in Fig. G4. The tool shown at 0, in 
Fig. 65, is used upon large worlv, and is advantageous be- 
cause it presents less surface of cutting edge in proportion 
to the depth of the cut than the gouge ; and, ui consequence, 
it is less liable to cause the work to jar or tremble. It is 
usually made about 2 feet long, which enables tbe opera- 
tor to hold it very firmly and steadily. It is used with 
its top face lying horizontally, and shoidd be kept keen. 

D, in the same figure, represents 

ikiki ^ similar tool, with a round nose ; 

\jf this latter is not, however, made 

long, and may be used in a 

handle. 

For boring and shoiddering 
purposes, the tools shown in Fig. 
CO arc employed; those shown at 
A and B, having their cutting 
edges at C and I), are therefore 
right and left hand tools. When, 
however, the hole is too small to 
admit of those tools being used, 
that shown at E may be employed, 
its cuttmg edge being at F. 

The temper of all these tools 
should be drawn to a hght brown 
color, and tiie instruction given 
^ I for grinding bench tools should 

be rigidly observed in grinding 
and oilstoning these turning tools. 
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THE FOUNDRY. 
HOW A PATTERN IS MOLDED. 

It has been already remarked that tlie operations of the 
molder are, to a large extent, predetermined by the pat- 
tern maker; hence it becomes necessary that the latter 
shall have a knowledge of foundry work, otherwise he is 
likely to make the patterns very expensive and awkward 
to mold. In learning the trade, an apprentice is'usually 
put to work and distinctly instructed as to the required 
form of his work, without knowing anything of the reasons 
therefor. la this way he attains a practical knowledge of 
how different classes of patterns should be, or are, usually 
made; but it takes him years to become an expert me- 
chanic, for the reason that, having learned by rote, he is in- 
capable of meeting new conditions to the best advantage, 
until his experience has included both observations in the 
foundry and, in some cases, consultations with foundry- 
men. Before entering, therefore, into the method of put- 
ting together different kinds of pattern work, it will be 
well to take a glance at the foundry, and examine the 
contrivances and the operations of the workmen, so that 
our operations in pattern work may be intelligently made 
from the beginning. 

The floor of the foundry first demands our attention. It 
is composed of a layer of molding sand of sufiQcient depth 
to imbed patterns of the size usually cast in that fomulry. 
For exceptionally large work, there is usually a i)lace 
where the natural earth has been excavated to a greater 
depth ; the cavity is filled with molding sand. This place 
is asmiUy within easy reach of the crane (which commands 
4 
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almost every part of the floor) aud the threshold of the 
melting furnace or cupola. We next observe the capa- 
cious oven for baking cores and drying molds for such 
special work as may require these operations; but the 
particular contrivance with which the pattern maker has 
now to concern himself is represented in Fig. 67. It is 
called a flask, and is composed of two or more parts (two 
only being shown in the engraving). The lower part is 



called the nowel, and the upper the cope. Each part is 
simply a strong rectangular frame of wood or iron. The 
Rides, being continued past the rectangles, are roughly 
shaped for use as handles. The cope is provided with 
several crossbars, which embrace the pattern, as it were, 
being roughly shaped like it in contour and approaching 
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it in size, being about half an iuch larger all round. These 
bars, by their adhesion, support the body of the sand in 
the copey and in this they are frequently assisted by nails 
driven nearly half way into them. When an intermediate 
pait is used with the two parts shown in Fig. G7, the con- 
trivance is called a three-part flask ; with two intermedi- 
ates it is called a four-part flask, and so on. As the cope 
is provided with crossbars, so also the intermediates, hav- 
ing to hft a ring of sand, are provided with wings j tiiat is 
to say, as much crossbar as will extend &om the sides to 
within about half an inch of the i)attem. The parts are 
guided, in their position one to the other, by taper pins on 
one part fitting into eyes fixed to the other part, as shown 
in Fig. 67, in which the cope is shown with the side hav- 
ing the two pins exposed to view, while the opposite side 
of the nowel, having one eye, is visible. In many cases, 
and for large work, the nowel is dispensed with, and the 
foundry floor is used in its stead, in which case the cope is 
guided to, and retained in, its place by stakes driven into 
the floor sand, as shown in Fig. 08, so that, when lifted to 
admit of the pattern being drawn from the mold, the cope 
may be returned to its exact proper and former position. 
In Fig. G8, A represents the pattern whose impression iu 
the floor sand, at M, forms a part of the mold. B repre- 
sents the cope ; for the word cope is usually appUed to the 
upper part of the mold as well as to that portion of the 
flask which contains it. The top print, C, of the pattern, 
has formed its impression in the cope at P. E is a round 
taper peg, which leaves a hole in the cope at r, through 
which hole the molten metal is poured. It also leaves an 
indentation at r' ; and from this latter a gutter is made by 
the molder to communicate with the mold, M, as shown. 
The stakes referred to above are marked S. The dots, 
shown around the impression of the top pattern pruit, C, 
in the copei are small holes made iu the sand (after the 
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molding is finished) by a piece of fine wire, and are for the 
purpose of giving vent to the air and gases which must 
escape when the metal is poured in. 



IfigM. 




\Jf 



It will be seen that, when a mold is made in the flask we 
have described, it can perform no further duty until the 
casting has been made ; for every mold, therefore, we re- 
quire a flask, and hence the pile of these appliances we 
always see in a foundry. For light work, however, a com- 
paratively modern and greatly improved device has come 
into general use. It is termed a snap flask, each part hav- 
ing a hinge at one comer and a latch at the diagonally op- 
posite one; so that, after the mold is made, it can be 
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detached from the perfected mold and can be used to make 
another. Sometimes, though rarely, it happens that a 
casting is required of such form that the patterns cannot 
be^ constructed so as to be molded with a flask of the or- 
dinary kind. The flask requires to come to pieces and the 
mold to be parted sidewise 5 this adds greatly to the labor 
of the molder, and the i)attem maker should so construct 
the pattern as to avoid this, whenever he can devise any 
means of so doing. Even when the pattern is molded 
in the floor, the mold is sometimes of necessity made to 
part on one or more of its sides, and these partings are 
termed drawbacks* 

By watching the operations of a molder, we shall observe 
that, in the case of a soUd pattern — ^that is to say, a pattern 
not made in halves — ^he always endeavors to have as little 
of the pattern in the cope as possible, and in this respect 
the pattern maker should supplement his efforts. The rea- 
son is obvious : the cope has to be lifted while as yet there 
has been no opportunity to loosen the pattern in the mold. 
It is true that, in some cases, a bar is passed through the 
cope and driven into the pattern, and by rapping it the 
loosening is accomplished ; but it is not well to have re- 
course to such an expedient, because, wherever the bar 
passes, the cope is damaged, and must be mended ; and 
when a mold has to be mended, it is doubtful if the cor- 
rect form, such as the pattern would have given it, will 
be left. Furthermore, it is all work in the dark ; for the 
eflfcct or extent of the rapping cannot be scrutinized, and it 
may therefore produce an undue distortion in one direction, 
while in another it may not have been eftectual. Perhaps 
the bar may have descended at a i>lace in the pattern 
where it is comparatively weak, from crossgrain of the 
wood or from some other cause. This measure is, there- 
fore, on account of these difficulties, seldom resorted to ; 
and it may be generally disregarded in the calculations of 
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the pattern maker. The cope, then, being, as we may say, 
a dead lift, and with nothing to guide the operator in 
moving it, either horizontally,or vertically, any part of the 



mold contained in it is much more liable to break down 
than is the other part of the mold. In extracting the pat- 
tern from the lower part of the mold, the eye lends to the 
molder great assistance. The pattern can be loosened in 




the sand before extraction, and is furthermore less cum- 
bersome to handle than is the cope : all of which circum- 
stances tend to preserve the lower part of the mold from 
damage during the extraction of the pattern. Rappuig a 
pattern tends to alter the form of the mold from tiiat calca- 
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lated npon. A circle becomes slightly oval^ a square be- 
comes an oblong, and so on : and this cannot in most cases 
be avoided, becanse it is necessary to rap the pattern so as 
to enable the molder to extract the pattern mthout draw- 
ing out the sand with it ; all that can be done in this direc- 
tion is to rap the pattern as little as possible, and equal- 
ly in all directions. 

When a flask nowel is used, the labor involved in mak- 
ing a parting of the mold is facilitated* Fig. 67 shows a 
boaKl cope and nowel for an ordinary straight parting ; 
but it is evident that the parts of the flask may be made 
to show a crooked, a curved, or irregular line at the joint, 
if it is required, in which case the bed board must be made 
of similar conformation. The process of molding with 
a flask independently of the floor, is illustrated in Pigs. 70 
and 71. ~ Kit be required to mold Uie pattern illustrated 
in Fig. 69, which is made in halves, the joint being de- 
noted by the line, A A, one of the halves is taken and laid 
with its flat face upon the molding board, B, shown in Fig. 
70. The nowel, N, is then placed upon the board, so that 
the half of the pattern will be in about the middle of the 
flask noweL Sand is then rammed tightly in the nowel ; 
and when the latter is flllcd with the sand, it is turned 
upside down, showing the flat facf> of the half pattern, the 
rest of the half pattern being imbedded in the sand. The 
other half of the pattern is then placed upon the one in the 
sand, its proper i)06ition being determined and regulated 
by pegs fitting into holes, provided in the first part, to re- 
ceive them. The next oi.»eratiou is. to put on the cope, as 
shown in Fig. 71, the taper pins being fast to the cope lugs 
shown on the sides, fitting into holes provided in the 
nowel lugs, similarly shown, serving to hold the cope in 
position and prevent it from moving. The cope is then 
filled with sand, lightly rammed, the taper pin, B, Fig. 68, 
being inserted to leave in the mold the hole, B, Fig. 71, 
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through which to pour the melted metal. The cape is new 
lifted vertically ; and as the pattern is made in halves, the 
top half lifts with the sand in the cope. In some cases a 




screw is fixed into the top half of the pattern, the head of 
the screw projecting into the cope: the object being to 
insure that the top half of the pattern shall lift with the 
cope. The next procediiro is to extract the two halves 



of the patterns from the molds, and perform any trimming 
or repairing that the mold may require, after which the 
cope is again placed upon the nowcl, and the mold is com- 
plete, ready to have the metal poured in. 
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In Pigs. 76 and 77, we have another exampde of flask 
molding, but for a pattern of different shape to our pre- 
^dous one. The pattern is, in this case, not made in 
halves, its flanges on one side being left loose. In Fig.. 
76, one half of the pattern is shovm on the molding board, 
and the nowel placed thereon and rammed with sandj 



while in Fig. 77, the pattern is shown molded and ready 
to have the cope taken off, A representing one of the 
crossbars fitted into the cope, and following the outline 
of the pattern. 
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CHAPTER IV. 

THE FOUNDRY. 
ON CORES. 

Cores are projecting bodies of sand, either left in the 
mold by the pattern itself or else made in a separate 
device called a core box. They are placed, after being 
dried, in position in the mold. The purpose of a core of 
the latter description is to leave a hole or recess of such a 
peculiar shape or in such a position that it is impracticable 
to make tiie mold of the necessary conformation by the 
use of the pattern alone. The use of these cores also per- 
mits us to modif^^ the shape of a pattern that would other- 
wise be difficult to mold. For example, Fig. 78 represents 



a plate of such length that it is necessary to mold it in the 
direction indicated by the arrow ; as the pendants, which 
are long and narrow, with their projections at the extrom* 
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itieSy would lock the pattern in the mold. Three methods 
present themselves -whereby to overcome the difficulty. 
First, we may make the projection loose, the vertical line, 
A, ISeing the joint ; it is held in position by vertical dove- 
tails or by horizontal wires, as shown in Fig. 78. In the 
latter case, the molder, when ramming the sand, with- 
draws the wires ; and when the pattern is withdrawn from 
the mold, the two diflferent projecting pieces are left in the 
mold, and are subsequently retracted horizontally, and 
then lifted out. It is obvious that this can only be done 
when there is sufficient space to accommodate the project- 
ing piece as it is withdrawn from its recess in the sand, 
and to admit of its being raised to the surface. To this 
method there is the objection that the recess left by the 
projecting piece in the mold cannot be, in many cases, 
either inspected or dressed, if any reparation is required. 
A second plan would be to make the projecting piece join 
the pattern at the horizontal line, B, in Fig. 78, but sepa- 
rable from it; but in this case a three-part flask would 
have to be used, entailing double work for the molder. 
The third method is to affix the core prints, C C, to the 
sides of the pattern, leaving those sides smooth and even ; 
and the pattern will then draw easily out of the mold. 
If we then core away all we have added to the pattern, as 
shewn by the dotted lines in Fig. 78, the casting will 
retain the correct shape of the pattern. To effect this cor- 
ing away, we make dry sand cores of the shape of the 
core prints, G 0, and place them in the mold. Qrdinaiy 
dry sand cores are composed of a mixture of sand and 
flour moistened' with water, and they are molded to the 
requisite shape in the core boxes already mentioned. 
They are then baked, becoming sufficiently strong to han- 
dle ; but previous to the baking they are so weak that 
they cannot be handled without being in some way 
supported. It is, therefore, as great a consideratio^ to the 
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pattern maker how the core is to be taken from the box as 
it is how a pattern shall be drawn from the mold. We 
may divide cores molded in a core box into three classes : 
First, those that lie as they are made ; second, those tliat 
require turning over ; and third, those that not only re- 
quire turning over, but require also a bed of sand made 
for them to lie upon during the process of baking. Figs. 

I'ur- 72. 



jPy.73. 



72, 73, and 74 are examples of the first, in which the cores 
are represented by 0. The core boxes, being made in 
halves and loose at two of the opposite comers, can be 
drawn away from the cores, 0, leaving them standing, 
just as they were made, on an iron plate ready for removal 
to the oven. In a core box made as in Fig. 74, it is neces- 
sary to bore in the ends a couple of small holes for the in- 
sertion of wires to effect ventilation. In cases where suffix 
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eient draft or taper can be allowed oa the core, the 
core box need not be made in halves, bnt may be made 
8oM^ as shown in section in Fig. 75. 



While it is the aim of the pattern maker to form his 
core boxes to work in the simple manner illustrated in our 
examples, there are very large classes of cores with which 
snch easy methods are impracticable. This, for instance, 
is the case with all round cores that are of such length 
that they are not able to support themselves on end, and 
with those having branches, as shown in Fig. 79, which re- 
presents a core for a straight faucet If it were attempted 
to make this core in a vertical position, its overhanging 
branches would fiall away immediately after separating the 
two halves of the box ; hence it is made horizontally, and 
generally in separate balves^ which, after being baked, are 
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pasted together and again dried, thus forming the fall 
round core. In cases, however, where great numbers 
of such cores are required, as in steam fitters' work, they 
are nsnaUy lifted from the box whole ; but it is a delicate 



operation, involving much practice. We need not, how- 
ever, go into this, the subject only being mentioned to 
show how a pattern maker decides whether he shall make 
a full core box or only half a one ; for if the halves of the 
core are to be made separate, and one part is exactly similar 
to the other, then a half core box is all that is necessary. 
Suppose, for instance, the core of a faucet, shown in Fig. 
79, to be alike at the branches, and D j then, it being 
m^e in two halves, meeting in a point represented by the 
line A B, the core box may be made to mold the half, 
E ; and two of such halves, pasted together as described, 
will form the whole core. In this particular example, 
however, there is yet another way of making the core, 
providing the branches, andD, are parallel in diameter, 
and that is, to punch holes in the main part of the core, 
through holes provided in the core box, using a piece of 

^wood for the purpose. 

/ Fig. 80 is an illustration of a square core for a baluster ; 

lits four sides being curved, it is necessary to make it in 

^separate halves, dividing it diagonally across the comers, 
^s denot^ed by the lines A B, 
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We have now to give an example of the third class of 
core, which will not stand on end and does not present a 



fhit surface on any of its fonr sides, neither can it be readily 
divided, as in the former case. Fig. 81 & an illustratioB 
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of probably the simplest kind of this dass^ which will ie> 
quire a core box that mast part in all directions in order 
to enable us to extract the core, which will require, in addi- 
tion to this, what is called a turnover box. Fig. 82 is an 

end sectional view of this 
J^lif* oS. core box, having four joint- 

ed sides and a bottom, with 
boles cut in them where the 
projections are to be formed 
on the core. The top, in 
this case, is simply two bars 
that cross the box where the 
projections occur ; and holes 
are cut in these bars to form 
the projection*. The box is 
retained together and kept 
in position by the taper 
pegs, shown at the junction 
of the sides. The ends of the box are recessed to receive 
the sides, but all is removable. In using this box, after 
ramming up the top, the crossbars are removed, and in 
their place is mounted the turnover box, shown in section 
in Fig. 83, at A, which is a simple square frame, made 
taper. It rests on the outer edge of the core box, so as to 
give a bed of sand somewhat larger than the core itself. 
Small blocks nailed to the under side, B B, keep it in posi- 
tion. The frame is then carefully filled with ordinary 
molding sand, so as not to disturb the projecting parts of 
tbe oore, and the sand on the outside is then struck oii' 
level. An iron plate is then placed on the top of all, and 
the whole is turned upside down. The bottom of the core 
box, which has now become the top, is first removed, and 
then tlie sides and ends. Thus the turnover box affords a 
l)edding of sand, on which the core may rest without suf- 
fering injury from its own weight. 
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It would be a costly matter to make core boxes for long 
cylindrical cores, such as aroused for pipe and similar cast- 
ings ; hence, for such purposes, a core is made as shown in 
Fig. 84, in which represents a core for a pipe, having a 



socket at one end. It is prepared as follows : Upon the 
two tressels, A A, is mounted the long tube, D D, which is 
perforated throughout its entire length with numerous 
small holes, and which is provided at one end with a crank 
handle, by means of which it may be revolved as it rests in 
the two rude V bearings, provided in the top of the tres- 
sels, as shown. Upon this tube a layer of rudely twisted 
straw rope, sufficient to make its diameter assume, from 
end to end, nearly the required diameter of the core, is 
coiled. Outside the straw rope there is then applied a 
coating comx>osed of a mixture of loam and other material 
sufficient to increase the diameter from end to end, some- 
what above finished size. To round up the core even, and 
make it of the necessary size, the core or loam board, B B, 
is employed. It is simply a board ranging in thickness 
4*» 



Digitized by LjOOQIC 



DO PATTERN MAKER'S ASSISTANT. 

fix)m seven eighths inch upwards, according to its length. 
One of the edges is cut to the conformation of the required 
core ; and all but about three sixteenths of an inch of the 
thickness of this edge is beveled off at an angle of about 
30^ This board is laid upon the tressels with the beveled 
edge uppermast, and is held in position by weights placed 
upon it over the tressels. The core is then revolved by the 




handle in the direction of the arrow, as shown in Fig. 85, 
in which A represents the tube, B the straw rope, O the 
loam coating, and D the board. It follows that, as the 
loam is added, the board will level it off, leaving the sur- 
face round and true, and to whatever shape the edge of the 
board may be made. It is customary to mix with the 
coating of loam, horse dung, or a substitute therefor, the 
object of which is as follows : It will be readily perceived 
that it is a difQcult matter in a long casting to give vent 
to and permit the escape of the air and the gases formed 
in the mold by the molten metal; but by mixing in with 
the loam a combustible material, the latter becomes con- 



Digitized by LjOOQIC 



THE FOUNDRY — COEES. 91 

snmed daring the baking of the core, leaving the latter 
X>oroas, so that the air and gases can pass from the mold 
through the loam coating and thence through the straw 
rope^ and find exit through the hollow tube upon whicb 
the latter ia wound. 
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EXAMPLES OF SIMPLE LATHE WOBK. 

We may now commence a series of examples, accompa- 
nying each example with the explanations and considera- 
tions necessary to, and governing the method of, the 
construction chosen. Fig. 8G represents a drawing of a 
gland for which a pattern ^ . 

is required. Now this is a -^ ^* ^^* 

very simple pattern, and 
yet there are at least six 
different methods of mak- 
ing it, any of which may 
be followed, as will ap- 
pear more clearly to the 
reader by his glancing 
over Figs. 87, 80, 90, 03, 
03, and C4. The first | 
question is how to deter- | 
mine which method is I 
the most suitable. Let us ; 
suppose the pattern mak- \ 
er to be uninformed of 
the purpose the casting is 
to serve, or how it is to 
be treated: in such a case 
he is guided partly by his 
knowledge of the use of 

such patterns, and a consideration of being on the safe 
side. The form shown in Fig. 87 would suggest itself as 
being a very ready method of making the pattern ; by 
coring out the hole it can be made parallel, which the 
drawing seems to require. The advantage of leaving the 
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hole parallel is that less metal will require to be left for 
boring, in case it should be necessary 5 because, if the hole 
is made taper, the largest end of the bore will require to 
have the proper amount of allowance to leave metal suf- 
ficient to allow the hole to be bored out true, and the 
smaller end would, therefore, have more than the neces- 
sary amount : while just the least taper given to the er- 
terior would enable the — " 
molder to withdraw the "* 
iiattem irom the mold. 
Made in this way, it 
would be molded as 
shown jn Fig. 88, with 
the flange uppermost, be- 
cause almost the whole 
of the pattern would be 
imbedded in the lower 
part of the flask, the top 
core print being all that 
would be contained in the 

cope ; and even this many be omitted if the hole requires 
to be bored, since the lower core print wUl hold the core 
suflBiciently secure in small work, unless the core is requir- 
ed to be very true. The parting of the mold (at D, in 
Fig. 88) being level with the top face of the flange, much 
taper should be given to the top print (as shown in Fig. 
87), so that the cope may be lifted off easily. Were this 
however the only reason, we might make the top print 
like the bottom one, i)roviding we left it on loose, or made 
it part from the pattern and adjust to its place on the 
pattern by a taper pin j but another advantage is gained 
by well tapering the top print, in that it necessitates the 
tapering of the core print at that end ; so that, when 
the two parts of the mold are being put together — that is 
to say, when the cope is being put in place — if the core has 
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not been placed quite upright, its tapered end may still 
arrive and adjust itself in the conical impression, and thus 
correct any slight error of i>osition of the core. The size 
of the core print should be, at the part next the pattern, 



the size of the core required ; for if the extremities ai*e 
made of the size of the core, and the taper or draft is in 
excess, there will be left a useless space around the core 
print, as shown in A B in Fig. 88, into which space the 
metal will flow, producing on the casting around the hole 
and projecting from the end face a useless web, which is 
called a fin^ which will of course require to be dressed off 
the casting. 

We will now suppose that our piece, when cast, is to be 
turned under the flange and along the outside of the hub 
or body, and that the hole also is to be bored. In this 
case the pattern made as above would still be good, but 
could be much more easily made and molded if it has to 
leave its own core — its shape being as shown in Fig. 89 — 
because the trouble of making a core is obviated, and the 
core is sure to be in the center of the casting, which it seldom 
is when a coreisused. We must, however, allow more taper 
or draft to a hole in a pattern tlian is necessary on the 
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ontside; about one sixteenth incli on the diameter for 
every inch of hight on work of moderate size is sufficient. 
The allowance for boring should be one sixteenth inch at 
the large end of the hole, 
providing the diameter 
of the hole is not more 
than five or six inches, 
slightly exceeding this 
amount as the diameter 
increases; whereas, if 
the pattern had been 
made with core prints, 

an allowance of one eighth inch for smaU, and three six* 
tecnths inch for larger work would be required. These 
are the advantages due to making the pattern leave its 
own core. We have still to bear in mind, however, that, 
if the casting require a parallel hole, a core must be 
used; and furthermore, if the hole is a long one, we 
have the following considerations: The separate dry 
sand core is stronger, and therefore better adapted to 
cases where the length of the hole greatly exceeds tto 
diameter. Then again, if the hole require to be bored 
parallel, it can be more readily done if the hole is cast 
parallel, because there will be less metal to cut out. 
The casting also will be lighter, entailing less cost, pro- 
viding it has to be paid for by the pound, as is usually 
the case. The molder is given more work by making 
the core; but the saving in metal and in turning more 
than compensates for this, provided the length of the hole 
is greater than the diameter of the bore. 

Let it now be required that the casting is to be finished 
all over, such as for a gland for a piston rod. It would in 
that case be preferred that, if the casting should contain 
any blow or air holes, they should not be on the outside 
&oe of the flange; and this will necessitate that the 



Digitized by LjOOQIC 



DO PATTEUN MAKEUPS ASSISTANT. 

piece be molded the reverse way to that shown in Fig, 88— 
that is to say, it must be mokled as shown in Fig. 90 — 
with the flange downwards; for it may be here noted 
that the soundest part of a casting is always that at 
the bottom of the mold; and furtliermore^ the metal there 



is more dense, heavier, and stronger than it is at the top, 
for the reason that the air or gas, which does not escape 
from the mold, leaves holes in the top of the casting, or as 
near to the top as it can — by reason of the diape 
of the casting — rise. The bottom metal also has the 
weight of the metal above it, compressing it,' and mak- 
ing an appreciable difference in its density. It must 
therefore be remembered, that faces requiring to be 
particularly sound, should be cast downwards — or at least 
as near the bottom of the mold as they conveniently can. 
Following this j)rinciple, our gland will require to be mold- 
ed as shown in Fig. 91, P P representing the line of the 
parting of the mold ; so that, when the cope is lifted off, 
the loose hub. A, will rise with it, leaving the flange imbed- 
ded in the lower half of the mold. It is evident that in 
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this case the pattern must be made as shown in Fig 90, 
the body and core prints being in one piece and the flange 
in another, fitting to an easy fit on to a parallel part on 
one end, and adjoining the core print, as shown at A. 



For glands of moderate size, this method is usually adopt- 
ed, and it answers very well for short pieces ; but in cases 
where the length of the body approaches say three dia- 




meters, the horizontal position is the best, and the pat- 
tern should be made as shown m Figs. 92, 93, or 94. Even 
in short pieces, when the internal diameter approaches 
that of the external, this plan is the best, because it is dif- 
ficult for the molder to tell when his core is accurately set 
in position. 5 
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For a pattern to be molded horizontally, Fig. 93 shows 
tlie best style in which it can be made. Its diameters are 





tamed parallel; the required draft is given by making the 
rim of the flange a little thinner than at the hub, and by 
making the end faces of the hub and the core prints 
slightly rounding. If the hub is very small — as, say, a 
half inch or less, and the flange does not much exceed it — 



the pattern may be made solid, as shown in Fig. 92 ; but 
if tlie hub be small and the flange large, it should be made 
as shown in Fig. 94. 
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To constiTict the pattern shown in Pig. 87 we proceed 
as follows : From a piece of plank we saw off a piece of 
wood a little larger and thicker than the required flange, 
measuring with a contraction rule — that is to say, a rule 
specially made for the pattern maker, and having its 
measurements larger than the actual standard ones, in the 
proportion of one eighth inch per foot : so that a foot on 
a contxaction rule is 12| standard inches, and an inch is 
1^ standard inches. The reason for this is, that when 
the metal is poured into the mold it is expanded by heat, 
and as it cools it contracts; and a casting is therefore, 
when cold, always smaller than the size of the mold in 
which it was made. Brass castings are generally said to 
be smaller than the patterns, in the proportion of one 
eighth inch per foot, and cast iron castings one tenth inch 
per foot ; and so, to avoid frequent calculations and possible 
errors, the contraction rule has the necessary allowance in 
every division of the foot and of the inch. It is not how- 
ever to be supposed that the possession of such a rule 
renders it possible for the pattern maker to discard all 
further considerations upon the contraction of the casting ; 
because there are others continually occurring. Such, 
for example, is the fact 
thatthecontraction will 
not be equal all over, 
but will be the greatest 
in those parts where 
the casting contains | 
the greatest body of 
metaL If we are requir- 
ed to make a pattexn 
for a brass, such as B zk. 

shown in Fig. 95, its bore being six inches in diameter 
and its length ten inches, we shall find that the diameter of 
the casting will be less at A B than can be accounted fbo* 
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on the basis of a coutractiou of one eighth inch per 
foot ; and furthermore, the projection in the middle of the 
brass, wbich is sometimes provided instead of flanges to 
prevent the brass from moving endwise in the box, will 
cause the sides of the hexagon to cast hollow in their 
lengths^ so that a straight edge, placed along the bevel 
from C to D, would touch the brass at each end, and not 
in the middle. 

In the smaller sizes of patterns, however, such as those 
of 6 and less inches in diameter, there is another and 
a more important matter requfring attention, which is, 
that after a molder has imbedded the pattern in the sand, 
and has rammed the sand closely around it, it is held 
firmly by the sand and must be loosened before it can be 
extracted from the mold. To loosen it, the moldar drives 
into the expossd surface of the pattern a pointed piece of 
steel wire, which he then strikes on all sides, causing the 
pattern to compress the sand away from the sides of the 
pattern in all directions 5 and as a result, the mold is larger 
than the pattern. In many kinds of work, this fact may 
be and is disregarded ; but where accuracy is concerned, 
it is of great importance, especially in the matter of our 
example (brasses tor journals), for they can be chipped and 
filed to fit their places much more rapidly than they can be 
planed, and it is necessary to have the castings as nearly 
of the correct conformation as possible. In cases where it 
is necessary to have the castings of the correct size with- 
out any work done to them, the shake of the pattern in the 
sand is of the utmost importance. K he is required to cast 
a piece of iron 3 inches long and 1 inch square, supposing 
the pattern were made to correct measure by the contrac- 
tion rule, the molder, by rapping the pattern (as the loos- 
ening it in the mold is termed), would, by increasing the 
size of the mold above that of tiie pattern, cause the cast- 
ing to be larger than the patterni that is to say^ it would 



Digitized by LjOOQIC 



OONTEACTION OF CASTINGS. 101 

be longer and broader, and therefore, in those two direc- 
tions, considerably above the proper size, since even tlie 
pattern was too large to the amount allowed for contraction. 
The depth, however, would be of correct size, because the 
loosening process, or rapping, does not drive the pattern 
any deeper in the mold. It follows that, to obtain a cast- 
ing of as nearly the correct size as possible, the pattern 
must be made less in width and in length than the proper 
size, to the amount of the rapping ; and to insure that the 
molders shall always put the pattern in the sand with the 
same side uppermost, the word " top'' should be printed on 
the face intended to lie uppermost in the mold. The 
amount to be allowed for the rapping depends ujion the 
size of the pattern, and somewhat upon the molder, since 
some molders rap the patterns more than others : hence, 
where a great number of castings of accurate size are re- 
quired, it is best to have two or three castings made, and 
alter the pattern as the average casting indicates. For 
castings of about 1 inch in size, the patterns may be made 
^ inch too narrow and the same amount too short ; but 
for sizes above 6 inches, allowance for rapping may be dis- 
regarded. 

In patterns for small cast gears, the rapping is of the 
utmost consequence. Suppose, for instance, we have 6 
rollers of 2 inches diameter, requiring to be connected 
together by pinions, and to have contact one with the other 
aU along the rollers : if we disregarded the allowance for 
rapping, the pinions will be too thick, and we shall require 
to file them down, entailing a great deal of labor and 
time, besides the rapid destruction of files. 

To resume, then : having sawn out our piece of wood for 
the flange, we plane up one side, and set a pair of com- 
passes to the radius of the required flange, and mark a 
circle upon the piece of wood, and then saw off the corners 
nearly to the circle. We then true up a facing chuck in 
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the lathe, and fix the flange to it by screws pa49sing 
through the chuck from the back, placing them fetr enough 
from the center to avoid their coming into contact with 
the hole which we shall require to boi'e in the flange. We 
then dress off the face of the flange to nearly the required 
thickness, using the gouge to rough it out with, and the 
scraping chisel to finish. It is not necessary to finish right 
down to the center, but merely down to a diameter some- 
what smaller than the hole in the flange will be. Our next 
procedure is to mark the size of the hole, which is done by 
setting the compasses to the required diameter, and then 
holding them with one leg resting upon the hand rest; and 
by bringing the point into contact with the face of the 
work, we may describe upon the latter a true circle, some- 
what smaller in diameter than that required. This circle 
will serve as a guide to us while we hold both compass 
points against the work to describe a circle of the correct 
diameter, which will be done by keeping the compass points 
at equal distances, one on each side of the circle first de- 
scribed. We must, in the last operation, hold the compass 
points lightly agatost the work until we can see that the line 
described by one point falls in the same line as that de- 
scribed by the other, and then we may make a deep mark. 
This method is quite as easy an operation as setting the 
compasses to the radius of the hole, and, putting one leg 
in the center of the work, describing a circle with the 
other; and this process is also more exact when the wood 
is rough. We next take a chisel of about |- uich wide, 
and cut out the hole at one cut, by forcing the chisel light- 
ly through the thickness of the flange, taking care to cut 
the hole nearly ^ inch too small, so as to allow finishing 
with the diamond point or side tool. The hole being fin- 
ished, we may turn the outside diameter of the flange with 
a very sharp gouge, leaviog about 3*2 ^^^^ ^^^ finishing, 
which may be done with the scraper. When the scraping 
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chisel — as indeed all scraping tools — is in proper order^ a 
slight bnrr can be felt on the top face of the tool, which is 
cansed by oilstoning the beveled face of the chisel last. 

To form the body of the pattern, we take a piece of tim- 
ber of suflScient size to make the hub and core prints in 
one piece, and, with an ax, we hack off the comers, so as 
to save lathe work. We then place it in the lathe between 
tho centers, using the fork shown in Fig. 48 as the run- 
ning center and to drive the piece of wood, and screwing 
up the back center suflSciently firm to hold the wood 
tightly. The large diameter is turned to its size with the 
gouge and scraper, using the latter to finish with, and 
bearing in mind that the wood is apt to become loose be- 
tween the lathe Wm O/Z 

centers, by reason ^i^.ifO^ 

of the latter becom- 
ing imbedded in the 
wood ; and it is ne- 
cessary, therefore, 
during the earher 
portion of the turn- 
ing, to try the back 
center and screw it 
up into the work, if necessary. Then, with the skew 
chisel, we cut two recesses, as shown in Fig. 96, the dis- 
tance from A to B being the length of the body or hub of 

the pattern, and the small 
diameter of the recess be- 
ing a little above the re- 
quired diameter of the cor*^ 
prints. We next turn down 
the core prints to the re- 
quired sizes, and turn the 
part shown at 0, in Fig. 97j 
to fit the hole tight to the flange j and it will be perceived 
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tliat, l)y leaving a longer end outside of the recess or 
nick at one end than at the other, we have left room for 
the flange, and so kept the core prints of eqoal length 
at each end, as shown in Fig. 97. The part that protrades 
through the flange will in this case be for the top print, 
and it is therefore given an excess of taper, for reasons 
before explained. The hub or body of the pattern is also 
made taper, being a little the smallest at the end farthest 
from the flange (A, in Figs. 87 and 96), because this hub, 
being cast endwise, requires draft to permit it to be 
extracted easily from the mold. 

Having brought our pattern, as nearly as possible, to 
the requisite size and form with the cutting tools, it is ne- 
cessary to consider those final processes which so much add 
to the appearance and smoothness of pattern work. The 
first of these processes is termed sand'pax>ering or glass- 
papering. Sand-paper is a sort of Will-o'-the-wisp to the 
beginner, luring him on to scamp his work, under the im- 
pression that sand-paper will hide the defects, and bring it 
all right, while the fact is nearer the reverse ; for, let a pat- 
tern be ever so truly shaped and turned, if the sand-pa- 
pering be injudiciously performed, the sharpness of its 
outline wiU be destroyed, and very likely its size and 
shape be seriously interfered with. It is true that it is 
scarcely possible to do much damage to large surfaces ; 
but that is merely because of the great disproportion that 
would exist between an error engendered by sand-papering 
and the whole size of the pattern itself. If we have an 
inch cube to sand-paper, and should take ^ inch more 
off one side than off another, our error would amount to 
the ^ of the length of the pattern; but had tlie same 
thing been done upon a 12-inch cube, the error arising 
therefrom would only amount to yj^ of the length of the 
pattern. Again, to remove ^ inch from one side of each 
of these respective cubes, we should have 144 times as 
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much wood to abrade away in the one case as in the other ; 
80 that it will be readily perceived that the difficulties at- 
tending the sand-papering of a pattern, so as to preserve 
its true form and size, increase in a two-fold ratio as tlie 
«ize of pattern diminishes, until at last it becomes imprac- 
ticable. Exactly where this point is reached, it is not possi- 
ble to state 5 it will, however, vary with the capabilities of 
the workman, the steadiness of Ids eye and hand, and the 
nature and material of the work. It must have happened 
to many that they have made patterns so small that they 
dared not attempt to sand-paper them, and that they have 
turned intricate details upon a piece of work which could 
not be preserved in its sharpness under the abrasion of 
sand-paper. While, therefore, we respect sand-paper, let 
us respect our tools more, and let the pattern or core box, 
as the case may be, be brought as nearly to the form re- 
quired as practicable with the cutting instrument, and then 
let the sand-paper be applied, not by folding it together 
and rubbing it upon the work, but by considering the 
shape we intend to finish, and preparing a piece of wood to 
correspond to the shape. Such a piece of wood is called a 
rubber. A flat surface requires a flat rubber, a convex sur- 
face a concave rubber, and vice versa. Eubbers are made 
of a size suitable to hold in the hand, and in length range 
up to 12 inches. Longer 
than this would be use- 
less for one sheet of 
sand-paper, and that is 
all that is generally used 
at a time. Turned cyl- 
inders make good rub- 
bers for core boxes that are semicircular, up to about 3 
inches in diameter; above that size, the turned rubber be- 
comes clumsy, and a piece flat on one side and planed to 
suit the curve is used. Such a piece is shown in Fig. OS. 
6* 
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To use it, place one fold of sand-paper only around the 
rubber j and applying it to the work, move it over the sur- 
farce of the work, and across the grain of the timber, if it 
is possible. If the size of the work is smaller than the 
rubber, we must take short strokes, so as to be able 
to move the latter steadily, and not round off the work 
at and toward the edges. A very good plan, where extra 
care is required, is to either glue the sand-paper to the 
rubber, or else fasten it with a few tacks. Sand-pax)er 
glued to a flat board is very useful for small surfaces ; but 
in this case, we rub the work upon the paper, and not the 
paper upon the work. The grades of sand-paper used 
upon pattern work range from No. ^ up to No. 2, Nos. 1 
and 1^ being most commonly employed. 

The surfaces of the hub or body of our gland pattern 
being straiglit in their outlines, we sand-paper them in the 
lathe, with the i3aper wrapped once around a flat rubber, 
applying the paper lightly to the work, and moving it very 
slowly over the work, in the manner in which a flle is used. 
We next fasten the flange to the body by gluing it, by 
using finishing nails, or by both. If flnishing nails are 
used, care must be taken to use a bradawl before insert- 
ing the nails, for fear of splitting the wood. 

To make the pattern in the manner shown in Fig. 90, 
the method of procedure is the same as the al)ove, with 
the exception that the tapering of the core prints must be 
vice versa, as in this case the core print the farthest from the 
flange will be the top one in the mold, and must therefore 
be given the most taper. And since the body of the pat- 
tern will Uft with the cope, while the flange will remain in 
the nowel of the flask when the mold is taken apart (as 
shown in Fig. 91), the flange of the pattern must be made 
an easy flt to its place on the body or hub, and must not be 
left of a tight flt, as in the former case. A pattern of the 
form shown in Fig. 92 may be turned, flange and all, out 
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of a 8oM piece of wood j or, if too large for this, we may 
plane up a piece for the llange, and glue a hub to it ; and 
when the glue is dry, turn up the whole pattern at one 
chucking in the lathe. 

The construction shown in Figs. 92, 93, and 94 is so 
nearly the same, and the slight difference is so obvious, 
that an explanation of Fig. 94 will cover the ground. For 
Fig. 94 we plane up a piece over twice as long and more 
than half the size of the required flange, and out of this 
piece cut the two half flanges. If, however, the flange is 
of sufficient size to make it necessary to study economy, 
the two half flanges may be set out on the plank, lapping 
each other, as shown in Fig. 99. We next, with a flat 
scriber, draw a line on the chuck exactly through its cen- 




ter, and set the half flanges to this line, and then screw 
them to the chuck, and torn them as if they were solid. By 
setting the halves exactly true to the line, it is insured that 
the flange shall part exactly at the center. 

To make the pattern shown in Fig. 93, we take two 
pieces of wood long enough to make the two halves, and 
allow about half an inch or an inch to turn off each end, so 
that the impressions of the fork and center may not appear 
on and disfigure the finished work, and for other reasons 
hereafter to be mentioned. We plane these pieces on one 
edge and on one face, making them of equal thickness. 
We make the flat surfaces which come together, true, 
trying them with the winding strips shown in Fig. 37, to 
detect any twist Our nest operation is to iusert the pe^s, 
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and we may^ for this purpose, adopt either of the two fol- 
lowing methods, the more ready of which we will take first : 
Clamping the two jointed faces together, as shown in Pig. 
100, we bore two holes right through the top piece and into 



J^^JOO, 




the bottom, one to a little greater depth than the hight to 
which the pin is intended to .project, as shown by the dot- 
ted lines. We then plane up a piece of hard wood, about 
two and a half feet long, to fit the holes tightly. It is just 
as easy to plane a long piece as a short one, and what is 
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left over will serve for a future occasion. A useful tool for 
preparing pin stuff is illustrated in Fig. 101, which repre* 
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aents a hardened plate of steel, pierced with holes of the 
sizes of the pins usually required. The wood for the plus 
having been planed up to the required size, is driven with 
a mallet through the plate, saving a great deal of time, and 
making the pins more nearly round than is i)0ssible by 
hand work. In some of these plates the holes are made 
taper, as shown at A, in Fig. 101; this, however, is 
detrimental, and the paraUel hole is the best, because it 
guides and supports the stick, while it does not impede the 
cutting action of the tool. A hollow formed around the 
edge of the hole, as shown in the sectional view, at B B, 
would improve that action; or it might be still further 
improved by inserting bushes in the plate, with a portion 
left projecting above the plate and beveled off to resemble 
a chisel, as shown at G. 

The pin stuff beiug prepared and inserted into one half 
of the pattern, the projecting end is then tapered off, as 
shown in Fig. 102. The formation of this projecting pin 
may seem a very 



simple matter ; but jFl4/. 202, 

if suificient consid- 
eration is not given 
to it, a great deal of 
annoyance is caused 
to the molder, and 
the castings will 
be imperfect. If we reflect for what purpose these pins 
are inserted, we shall find the proper shape. First, 
with regard to the projecting length, some workmen 
seem to be guided by the diameler of the pin, making it 
project to a distance equal to its diameter ; but it is obvious 
that a short peg or pin will govern the position as well as 
a long one, and will be less liable to stick in the loose half 
of the pattern : hence it is better to let the protruding end 
stand oat ftoin three sixteenths to one half inch, and let 
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£rom one sixteentli to one eighUi inch of the large part 
fit the hole, the nut being tapered off so as to be sure that 
the pin can be released easily. These conditions inevita- 
bly bring ns to the parabolic form shown in Fig. 102. An- 
other point to be observed is to make the pin of as large a 
diameter as is consistent with the work ; for th(3 larger the 
pin, the longer it will remain &ee from shake. Above all, 
it is essential that the pin be perfectly round at the part 
that fits the hole ; and if these elements are neglected, 
castings will be produced of which the halves will not 
match, which is alwayjs very unsightly. Nothing is gained 
by making the pins to a tight fit in the loose half of the 
pattern, as they will not work that way ; and the molder 
will enlarge the holes with a red hot rod, and then, after a 
little while, the charred part around the hole falls out, and 
the pin becomes too slack. 

Affcer inserting our pins, the two halves of our patterns 
are^to be fastened firmly together ; and this may be readi- 
ly done by brushing the end faces with hot glue for a 
breadth of one half or one inch, according to the amount 
we have allowed our pieces to be larger than the finished 
work. Then we hold them firmly together with a screw 
clamp, leaving them until they are perfectly dry. If there 
is not time for the gluing, the two halves may be screwed 

together J and indeed, if the job 
be a heoxj one, it will not be 
safe to trust entirely to glue, 
but to use screws or dogs. Dogs 
are a kind of square staple, 
*made of steel, and of the form 
shown in Fig. 103 j and two of 
them driven in each end of a 
pattern will hold its loose halves 
very firmly together. While 
'ver^ h^d^, however, on large oy small work^ they ai^ 
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eambroas ; and the gluing or screwing is preferable. IHie 
work can now be mounted in the latlie, and turned as 
though it were solid. Care must be taken that the center 
points are exactly in the joint, and it was to ascertain if 
this was the case that our two halves were planed of equal 
thickness ; for if, in the process of turning, one flat is seen 
to be narrower than the other, as shown in Fig. 104, at A B, 
it is proof that the 
centers are not in 
the joint ; and 
uidess the error 
is corrected, one 
half of the fiuish- 
cd [)attem would 
be thicker tban 
the other. To 
remedy this error, 
we tap at the pattern hghtly with a hammer in the requir- 
ed direction, and then screw up tlje lathe centers a Httle 
more, continuing the process until the flat sides upon the 
pattern, when very nearly trued up — as shown in Fig. 104, 
at C C — are equal, and finally disappear simultaneously. 
Our pattern being then turned and sand-papered, as 
already directed, the next proceeding is to stop up all holes 
or cracks that are not desired to appear, with either bees- 
wax or putty. This is a simple process, but it may have 
been noticed that some workmen take a much longer time 
over it than others, at least when beeswax is the stopping 
material. One who is expert at this work guesses just the 
proper amount necessary for each hole or crack ; then ho 
forms the wax into a worm-like shape, and witli a warm 
chisel (that is not hot enough to make the wax run but 
only to cut it easily) he presses the wax into the hole, and 
seldom leaves any surplus to remove. The same knack is 
necessary in filleting, that is, in filling in an internal square 
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sharp comer, when it is thought too small to be filled in 
with wood ; for if the worm or string of wax of the right 
8ize be laid along the comer, the pressure of a wanned 
gouge will cause it to expand to the required fillet ; while 
if too much wax is inserted, much time will be occupied in 
trimming off the surplus. 

The third and last of the finishing processes is the appli- 
cation of two or more coats of spirit varnish, which adds 
to the appearance of the pattern, and increases its durabil- 
ity by giving it a surface impervious to water, and by pro- 
ducing that smoothness so necessary for its easy extraction 
fix)m the sand. A varnished pattern escapes much of the 
rough usage commonly bestowed upon patterns, because 
the molder does not rap it so much as he otherwise would 
do^ Several thin coats of vamish give a much finer ap- 
pearance than fewer and thicker ones. The first coat fills 
up the pores of the wood and fixes the fibrous projections 
left by the sand-paper ; and after the first coat is dry, fine 
sand-paper is again ax)plied to remove the fibers so fixed. 
The second and succeeding coats give the gloss. 

The pattern maker invariably mixes his own vamish, 
which he does in the following manner : The varnish pot 
should be of stone, and not of iron, which would discolor 
the vamish. The cover should be of thick leather, having 
through the middle a hole of such size that the brush han- 
dle, forced through it, will be suspended, and will not pass 
through to the bottom of the pot. The object of making 
the cover of leather is that the vamish collects around the 
lid and sticks the cover down, requiring sometimes so much 
force to remove it that wood would be liable to split. lii 
the pot IS placed so much shellac, and there is added just 
suflcient alcohol to cover the shellac, the whole being 
occasionally stirred with a piece of stick, and not with the 
brash. The consistence should be that of raw linseed oil ^ 
and to hasten the mixing, a little warmth may be applied. 
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The color of the yaniish used is, strictly speaMng, optional. 
The usnal plan, however, is to use clear van^h for the 
pattern, and black for core prints and the insides of core 
boxes, which thus distinguishes them. The black is made 
by adding the best dry ivory black to the clear varnish. A 
very durable varnish may be made by adding powdered 
oxide of iron to the clear varnish, which gives a hard var- 
nish with a reddish brown color. In mixing colored var- 
nishes, however, we must remember, that the lighter the 
ingment, the easier they work. Ivory black is the lightest 
pigment, and so always pervades the varnish, and does 
not readily settle to the bottom ; hence it does not often re- 
' quire stirring. Oxide of iron requires frequent stirring, 
even in the course of varnishing one pattern, if it be a 
large one ; because it settles so rapidly that a perceptible 
difference in the coat is apparent, unless the varnish is 
stirred previously to each insertion of the brush. The 
brush should never go to the bottom of the pot, and the 
pot should always be kept covered when not in actual use. 
Varnishing lathe work cannot be done while running the 
lathe } but after the work is varnished, running the lathe 
hastens the drying. Work should always, if possible, be 
varnished on a dry day ; for if the air is damp, the varnish 
becomes what is technically termed chilled — that is, it as- 
sumes a soapy or milky appearance, as though it had ab- 
sorbed water — and hence is spotty when dry. 

Having thus finished our example, we may now explain 
the process of putting pins in patterns, which we omitted 
to do when speaking upon that subject, to avoid digression. 
There are many cases in which it is not suitable for the 
pin hole to show on the outside of the pattern; and again, 
in large work, the holes would require to be bored so deep, 
and the pins made so long, that it would be too elaborate 
an affair altogether. In such circumstances, lines are re- 
sorted to, being drawn in the following manner: Place the 
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pieces side by side, with the planed edges toaching and 
the ends taAry as shown in Fig. 105, the line, 6, representing 
the edges; and make two fine notches at A B. Then sepa- 
rate the pieces, and square the very fine lines, 0, D D, 




across with a knife. Then set a gage to half the width of 
the pieces, and mark the intersecting lines, E F ; and the 
centers for the respective pin holes will be the intersection 
of the lines, E and D F. If, however, we have no planed 
edge to work from, and the job is of such size as to in- 
volve so mnch labor as not to admit of planing, we may take 
two smaU brads or fimshing nails (or as many as we desire 
to have pins), and drive them almost entirely into one piece 
of the wood, in the spots where the pins are ultimately to 
be, and then file the projecting part of each to a point. By 
then resting the other half in its proper relative position 
upon the filed points, and, when adjusted, applying a little 
pressure to it, the nail points will enter the top piece and 
mark the corresponding centers for the holes to receive the 
pins- We may then extract the brads or nails, and pro- 
ceed to bore the holes and insert the pins. 

Another method of marking the pin holes, is to provide 
some ordinary lead shot, and make shallow holes with a 
brad-awl, slightly less in diameter than the shot Where 
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inns are to be inserted, place the shot in the hole; so that 
they project beyond the surface, and then proceed as de- 
scribed for the brad points — the latter being the more expe- 
ditious method of the two. 

Our second example, Fig. 106, is a design for another 
kind of gland, such as is often iitted to glands for pump 
rods and spindles. For the small sizes, the glands are 
usually cast solid, and the hole is drilled out in the lathe; 




in which case, providing the gland is not very deep, it 
would be molded vertically, with the head in the nowel, 
and would be turned out of the solid piece of wood in the 
style of our previous example, treating for the moment 
the hexagonal part as a flange, whose diameter must be 
turned to the size of the hexagon across the comers. After 
the turning is done, we mark the hexagon as follows. We 
set a pair of compasses as nearly as possible to the radius 
of the turned piece that is to form the hexagon, and divide 
that piece off into six divisions, in the manner shown in 
Fig. 107 — ^for the radius of a circle will divide its circum- 
ference into six equal parts — so that, if the compasses are 
correctly set, one trial will be sufiBcient ; but if not, we must 
readjust the compasses, and go around again. Then, from 
these points, we square lines, as shown in Fig. 107, at 1, 2, 
8^ 4; 6, 6 ; and then, with the paring chisel, we pare off the 
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sides to the lines. It is not necessary to actually draw the 
hexagon on the circumference, by joining the lines of 
division on the top 
of the flange ; for a 
straight edge being 
applied as the par- 
ing proceeds, will be 
all that is necessary 
to produce a trae 
hexagon. Neverthe- 
less it is possible 
that error may have crept in, though we have performed 
the above operation with the greatest of care ; it is there- 
fore imperative upon us to apply correcting tests to our 
work, such as a pair of calipers, to try if each pair of the 
opposite sides are parallel ; also the bevel, to verify if each 
angle of the figure contams 12(P. Hexagon shapes are so 
common that a special hexagon gage is very useful ; and 
such a gage, of the most approved form, is shown in Fig. 





108, together with its method of application, the edges, A 
B, being to try the hexagon, and G D to square the edge to 
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the lace, and the edge, F^ being nsed as a straight edge. 
li) however^ we have not snch a gage, we may set the 
bevel square^ shown in Fig. 23, in the following manner: 
Take a piece of board, planed on one side and on one edge, 
and let A B, in Fig. 109, represent the planed edge, fix)m 
which we mark with the gage the line, D. Then tak- 
ing any point, snch as I, in the line D, as a center^ 
at a convenient distance, we describe with a pair of com- 
passes the arc, F G. We then take the compasses, and, 
without shifting their points at all, we rest one point 
on the intersection of the lines, D and F G, and then 
mark the arc, H. If then we draw a line from the intersec- 
tion of the arc, F G, and the arc, H, to the center, I, upon 
which the arc, F G, has struck, the lines, H 1, 1 0, form 
the angle required ; and we may apply the stock of the bevel 
square to the planed edge, A B, and set the blade to the 
line, I H, as denoted by the dotted lines. The bevel being 
set, we test the work as it proceeds, first cutting down one 
hexagonal side, and then applying the bevel to gage the 
angle -of the oth- 
ers^ and as the 
diametrically dp- |3 
posite sides are 
finished, we ap- 
ply the calipers. 
The lines of divi- 
sion upon all good 
pattern work are 
made very fine, in 
fact, merely dis- 
tinguishable ; and 
the ULStrument by 
which they are 
drawn is shown in Fig. 110. It is called a cutting scriber, 
and the end at A is beveled off at both sides, like a skew 
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chisel, forming a kniie edge. Tbo end, B, is gronnd to a 
pointy and both ends are finished on an oUstone. The point 
end is for drawing lines along the grain, while the cutting 
edge, A, is for drawing lines across the grain of the wood. 
The wooden handle in the center is to enable the operator 







to hold it more firmly. It sometimes hapx)ens that the size 
of the hexagon is given across the flat sides instead of over 
tiie angle; and when that is so, we proceed as follows: 
We describe upon a piece of board, as in Fig. Ill, a circle 
of a diameter equal to the given distance between the flat 
sides. We then take a hexagon gage, or else set the bevel 
square to an angle of 120° ; and applying it to the planed 
edge of the board, we draw the line, D, in Fig. Ill, in 
which figure A is the circle of the size of the flat sides of 





the hexagon, and 6 E are the planed edges of the board. 
We next reverse the bevel ; and from the opposite edge of 
the board we strike the line, F D, cutting C D at the i)oint 
D, where both the lines cut the circumference of the circle, 
A. Then from the center of the circle A, we draw the 
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circle G, intersecting the point D. The diameter of G 
will be the size of the hexagon across the comers. 

If the gland is a long one, it will be better to make it in 
halves, letting it part across two comers, as shown in Fig* 
112. When a gland of this kind is made in halves, the 
comers at the parting are liable, from their weakness, 
to chip off, and it is therefore proper to make it of bard 
wood. 
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EXAMPUSS OP -T PIPE AND JOINT WORK. 

OuB next example is what is called a T, a drawing foi* 
which is shown in Fig. 113. It is shown with flanges ou 
the main body, and a hexagon on the branch. Sometimes 
a flange is employed instead of the hexaigon, but this de- 




pends npon the connections to which it is to be attached. 
Patterns of this class are often made so that either round 
flanges or hexagonal connections may be put on at will ; 
and it is in that style that we propose to make our example. 
Itis apparent that the pattern will be the most easily molded 
with its body and branch both lying horizontally in the 
mold; so that, if we suppose the surface of this paper tore- 
present the surface of the mold, the engraving shows just 
how the pattern will he in it. It will be advisable, there* 
fore, to make the patt/Crn in halves. 
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We first prepare the body and fiangeSy in the same 
manner as described for the body of our gland; the only 
difference being that we have, in this case, to fit a flange 
on each end. The same method is pursued in making the 
branch, with the exception that we only require a core print 
on one end, the other end abutting against the body. The 
first question that arises is, How long shall we make the 
brdJich t and this depends upon how far the branch follows 
the curvature of the body. In our example, the branch 
and body are of the same diameter, and therefore the 
branch will foUow exactly half way around the body. We 
turn up the branch piece, then, to its requisite diameter, 
and makeits length equal to the diameter to which it should 
stand out from the body, added to half the diameter of the 
body. The pieces we have made, then, are those shown in 
Fig. 114, in which A represents the piece for the body, and 
B, the piece for the branch. Our next proceeding is to cut 



out the abutting end of the branch to fit to the curvature 
ot the body, and this we perform as follows : We first set 
the bevel square to an angle of 45^, by the process shown 
in Fig. 109, and then, taking the branch halves apart, and 
6 
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placing the bovel square with its back across the end £eum 

of the branch (the blade lying on the joint face of the half 

branch)^ we mark the two lines, A B, in Fig. 115, which 

- - must meet exactly in the center 

of the branch and at the extreme 

r, end, as shown in Fig. IIG. We 

then pare off the angular piece, 

C D, down to the lines, A B. If, 

before we do the paring, however, 

we give our half branch a quarter 

turn around, it will apx)ear as 

shown in Fig. 116; the curve 

formed by the intersection of the plane surface (just made) 

with the round surface of the piece, is the true curve of 

the body of the T. 

Turning to the other half of the branch, we perform upon 
it the same operation ; and we may then cut away with the 
gouge the intervening timber from between the curve lines. 
Our two halves will be of the proper curve at the end, to 
fit exactly to the body of the T, as shown in Fig. 117, in 



which A represents a sectional view of the body of the T, 
and B G are the two halves of the branch ; while the view 
D shows the body of the T lying horizontally, with the 
branch attached. 
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We liave now to fasten the branch to the body of the T ; 
and here we must pause to consider whether the pattern is 
reijuired to serve simply for the production of a few cast- 
ings ; whether it is to be cast aside after the first casting, 
never to be used agam (which is often the case), or whether 
it is intended for standard or continuous use. For a tem- 
porary purpose, a few screws will be sufficient ; but for a 
l)ermanent pattern, a much stronger joint may be made as 
follows : Brush with hot glue the ends of the branch piece, 
and let them stand until the glue has been absorbed into 
the pores of the wood. This is called sizing, and is always 
necessary in gluing end wood, as it is called — ^meaning the 
end grain of wood. The reason that sizing is in that case 
necessary is, that the pores of the wood all meet the surface 
in the end grain, and the sizing is necessary to fill them. 
We then take a truly planed piece of board, and lay one 
half of the body down upon it, phacing a piece of thin paper 
between the body and the board, so that any glue that may 
run out may not touch the board : otherwise it may glue 
the work so fast to the board that, in parting them, some 
of the fibers of the wood may get torn out. Then we 
fasten temporarily the half body to the board, and lay one 
half of the branch with its flat surface on the same board, 
and glue it to its place, di'awing it well up to the body i)icce 
with dogs or clamps, at the same time observhig that it Ls 




close down to the board, and fixing it temporarily there, as 
shown in Fig. 118, and allowing it to remain until the ghie 
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is dry. In patting on the second half of the brandi, the 
board need not be nsed, since the first half, already in posi- 
tion, will serve as a guide. A piece of paper must, how- 
ever, be placed between the two halves of the branch, to 
prevent them firom adhering together. When all is dry, 
put a strong screw in the position denoted at A, in Fig. 119, 
out out a recess on the flat flEice of each half, and let in a 
J^W.I/9. P^^^ ^^ ^rd wood, as shown by the 

j^-'^j mi^msBBaBm dotted lines in the same figure. 
( '^^^^., I Let us now suppose that, in our ex- 

ample, the diameter of the branch had been smaller than 
that of the body of the T. In that case we must first 
ascertain its proper length by the process illustrated in 
Fig. 120, which represents a piece of board, upon which 
we strike the line A B ; and Q:om the poiut 0, we make the 
semicircle D, which must be of the same radius as the 

body of the pattern. Then, < *- 

parallel with the line A B, 

we draw the line D E — the 

distance between these two 

lines being equal to half the 

diameter of the branch of the pattern. Then from the 

junction of the line D E with the semicircle D, we strike 

the line D F, at a right angle to A B ; and then firom F 

to G, added to the distance which the branch requires to 

stand out &om the edge of the body, is the length we 

require to make the branch. 

To draw the curve on this branch so as to cut it out 
to fit the body, we proceed as follows : Fig. 121 represents 
the application of a peculiar trammel, designed for this 
and similar purposes. It enables the operator to strike 
a true circle upon a round or uneven surface. It is com- 
posed of the turned bar or rod of metal. A, of about half 
an inch diameter, and upon it slides the piece of brass I 

tube, B; upon which is contrived a support for the sliding I 
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army Oy as well as a set screw for fastening the arm, 0^ in 
any desired position. At the end of the arm, C, is placed 
an arrangement for fastening the scriber, D, so that we 
may set the scriber at any requisite distance from the rod, 
A., by adjusting and 
fastening the arm^ 
0, and revolve it 
about while lifting 
or lowering it upon 
the rod, A, When 
properly made, this 
is a most useful tool ; 
and if not in use, it 
may be taken apart 
in an instant, and it 
occupies but very 
little room in a tool 

box. If the stand, E, pierced with holes for screwing 
down, is provided, it will be a very useful addition, but 
it may be dispensed with; whereas the tool proper, or 
some improvised substitute for it, is absolutely neces- 
sary, for the curve must be struck somehow. If the pipe 
or branch is large — say even six inches in diameter — ^to 
attempt to fit it by guessing and trying, is the work of a 
novice and not of a workman. To apply this tool to our 
branch, we proceed as follows : Taking a planed board, we 
gage a line upon it, and at a point on this line we describe 
JPKz ZP2 ^ circle upon it of the size of the foot 
' ' of the instrument. We then make two 

V blocks, such as shown in Fig. 122, 
to carry the branch. We then place 
these V blocks with the apex of the V 
exactly over the gaged line, and place 
the branch in the V^s. We then set the point of the scriber 
at a distance from the rod of the trammel equal to the dia- 
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meter of the branch, which may be readUy done if the edlBe 
of the rod be known. We next mark upon the top of the 
branch, as it lays in the Vs (with the joint of the two halves 
standing vertically), the distance it requires to be cut out 
to form the curve, which distanc<3 will correspond to the 
distance of F G, in Fig. 120. We then draw the branch 
forwar(f, until this mark falls exactly under the scriber, 
keeping the joint faces vertical ; and this adjustment being 
made, we fix temporarily the branch to the piece of board 
whereon it and the Vs rest. Then we move the arm, 0, 
in Fig. 121, a half circle; and letting the jwint of the scriber 
contact ^vith the branch, we draw the necessary line. It 
will be found, however, that it is requisite to mark the lines 
whila lifting the arm, to prevent the scriber firom digging 
into the wood. Thus one side of the branch will be marked, 
and we must then turn it upside down on the Vs, set the 
joint vertically again, adjust the mark to the scriber point, 
and proceed as before to mark the other side of the branch. 
We may then cut out the corners to the lines, which may 
be most rapidly i)erformed by a band saw, sawing exactly 
to the line — the branch being held on a board, as it was 
when being marked. In fact, a piece of wood should be 
fitted underneath, where the saw cut will come, so as to 

prevent the fibers of the 
wood from being torn out at 
the edge, showing a ragged 
cut — as it is very apt to do, 
especially if the band saw is 
not in first-class order. 

Should the branch be re- 
quired to stand obliquely to 
the body of the pattern, as 
shown in Fig. 123, it may 
be struck out in the same manner; but instead of being 
set square with the rod of the trammel, as in the former 
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case, it mnst be set at the bevel at which it is to be 
fixed upon the body of the pattern. When marking one 
side, the branch must make an angle with the upright 
equal to the angle at A, in Fig. 123 j whUe, when mark- 
mg the other side, it must form an angle equal to that 
at B, in the same figure. It will pay, where two or three 
pattern makers are employed, to have this marking appa- 
ratus always standing ready for use upon a board, with the 
degrees of angles marked thereon; so that a workman 
could mark off his job in five minutes, and cut it out with 
a band saw. Cutting out with a gouge, and trying to its 
plaice, may take four or five hours. It must be borne in 
mind that too much care cannot be given to strilving out 
the piece accurately, and to sawing them true to the lines. 
The saw must be sharp, and of a width suitable to the curve, 
and not tremble, or "dither," as band sawers say. By 
attending to these matters, a fit may be obtained with a 
minimum of labor to the workman ; and this is desirable in 
itself; and is an item of profit in the cost of the pattern. 

We need not dwell upon the half core box, which is ne- 
cessary for this pattern if the branch stands at a right angle 
to the body; or the full one, necessary if it is required to 
stand obliquely. When tlio body of the T is much larger 
in diameter than is the branch, we may joint the two in a 
simpler way, which, so long as it does not entail a great 
weakening of the body, will be found more advantageous 
than the method described. This simpler method is : Hav- 
ing found the amount of the length of the branch necessary 
to allow for curvature of the body (by the process shown 




in Fig. 116); we turn aix>n the branch end an additional 
projection or 8tem| as shown in Fig. 124, somewhat smaller 
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in diameter than the branch itself; and we then cut in the 
body a recess to receive the branch and turned stem or 
projection, wliich recess may be either cut out with a gouge 
or turned out in the lathe, the latter being, for obvious 
reasons, the best method. For this latter operation, we 
take a chuck, similar to that described in Fig. 58, as a 
cement chuck ; and having verified that 
the point and the face of the chuck run 
quite true, we draw a center line across 
it, set the apexes of the two V blocks 
exactly over this line, and then fasten 
them. Having marked upon the body- 
the center of the branch, we find a point 
diametrically opposite to it upon the 
body, and place the body so that the steel 
center point enters the point so found, at 
the same time as the body rests in the V's. 
We then fix it in this position by thin straps of hoop-iron, 
or any other contrivance that will not project so as to pre- 
vent the lathe rest (or tool rest, as it may be more pro- 
perly termed) from being brought close to the work. The 
work must be securely screwed to the chuck, on account of 
the high velocity of the lathe in turning. To cut out the 
recess, we commence by placing a center bit in the back 
lathe center, and boring a hole, as large as convenient and 
very nearl^^ to the required depth. A screw bit is not 
available for this purpose, for it would in many cases be 
right through the work before there was time to stop the 
lathe, which is not usually suflaciently under controL We 
may next take a turning tool, and turn out the recess to 
lit the end of the branch ; and after taking the job from 
the lathe, we fasten each half of the branch by gluing 
and screws. In connection with this methodj there is yet 
another advantage : it is, that by cutting away tbe body 
instead of the branch, it renders us indifferent as tu 
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whether the shape of the body be spherical^ a« in a globe 
valve, or elliptical, or even vase-shaped : because, in this 
case, the shape adds nothing to the difficulty of the job. 
Should it occur that one end of the T is larger than the 
other, we may find the height necessary for each of the V 
pieces (whereon the body rests during the turning process) 
as follows : Draw upon a piece of board the lino A D, 
in Fig. 12G, which will represent the plane of the chuck ; 
and let the point represent the 
center point of the lathe. Then^ 
from 0, we square up the line D j 
and we set the compasses to the 
radius of the body of the pattern at 
the center of the place where the fe:;;^^-^ -^ 

branch is to be. We take aradius "^ — ^^ ^ 

fix)m 0, and about ^ inch up from the line A B, and with 
this radius we mark on the line D, the point E. From 
this point, as a center, we strike the axes, E and F, whose 
radii correspond to the unequal sizes of the pattern, where 
the V^s are required to be. Then we draw tangents to 
each of these arcs, and complete the forms of the Y 
blocks, as shown in Fig. 127, in which half of each Y block 
is shown. 

We have now to make a core box for our T ; and for 
clearness of illustration we will make the drawing some- 
what larger than those for the T itselfl Fig. 127 repre- 
sents three views of the core box j that portion which pro- 
jects below the line, at B, may be made separately, and 
need not, therefore, be given any consideration. Having 
drawn the plan of the box, as shown in Fig. 127 at 1, we 
draw the end and side views, as shown at 2 and 3, and 
divide these latter into courses of a thickness to suit the 
stuff at hand, from which the core box is to be made. The 
courses may be made of equal or unequal depth. Courses 
1 and 2 are got out of the full size of the box, while pourses 
6* 
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3 and 4 must be of the length of the box, but thehr width 
will differ according to the curvature of the half circle of 
the core, as shown in Fig. 127, at 2 and 3 ; 5 and G will be 
similar to 3 and 4, and may be marked fix>m them. All 



these pieces must be planed to a true surface and glued 
together, each course being allowed to dry before the next 
one is put on ; but for greater expedition, nails, in addi- 
tion to the glue, may be used, in which case care must be 
taken that they do not come so close as to interfere with 
the cutting out of the half cu-cle. The part A B, if very 
short, say under 3 inches, may be made in one piece ; but 
if over 3 inches and not over G inches, we take two pieces 
of the required length and width, and of half the thick- 
ness, and chuck them in the manner previously explained 
for making flanges in halves ; then we place the work in 
the lathe, and bore a hole for the core, then take them 
from the chuck and glue them, first together and next to 
the body of the core box. We next turn the body part of 
the core to a semicircle of the required size, and all that 
will then remain to be cat is that part of the branch that 
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is above the line A B. If, liowever, the part below A B, 
in Fig. 127, should be required still longer, then it had 
better be built up in the same manner as the other part. 
The lengths of the pieces forming the courses will be the 
same, and may be med,sured on Fig. 127, from A B out- 
wards. The widths will differ, and may be measured from 
E or F, inwards. This separate portion, fix)m the grain of 
the wood beiDg enduric, cannot be firmly fixed to the 
main body of the box with glue ; we must, therefore, in 
addition, place battens below the box, and let in pieces of 
hard wood or metal above, as represented in Fig. 127, at 
GandH. 
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CHAPTER Vn. 

WHEEL AND PULLEY WORK. 

Our fourth example is a doable flanged pulley, shown in 
section in Fig. 128 ; and our first consideration is, how it 
shall be molded. It evidently should lie in the sand in 



JfUffJ^S, 




the position shown in Fig. 129; but it will be observed 
that the sand is confined between two flanges, rendering 
it practically impossible to retract the pattern &om the 



mold, if it is made in one piece. We say practicaUy im- 
possible, meaning that it cannot be done economically ; for 
strictly speaking, an expert molder with every requisite 
appliance, can mold almost anything, as any one will 
conclude who examines the various works of art in bronze 
which appear in art exhibitions and elsewhere. Our pat- 
tern must, for ease of molding, be made in two parts. If 
the disk (or spokes, if it be a spoke-wheel) be sufficiently 
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thick to allow it, the divisioii may be made at the center, 
that is to say, on the line A P, in Fig. 128. The operation 
of the molder may be understood from Fig. 129, tliree dis- 
tinct beds of sand being necessary. It may be that a part 
of a flask is used for each bed, or it may be arranged as 
shown in Fig. 129, it being a matter of indiflference to the 
pattern maker. In either case, however, draught should 
be allowed both inside and outside, that is to say, both the 
interior and exterior diameters of the pattern should be 
made smallest at the line of partmg, the diameters in- 
creasing slightly as they approach the flanges. The hubs 
also should, in like manner, be slightly tapered. Inside 
sharp comers should be avoided j they should, in fact, al- 
ways be rounded by cutting them out with a round-nosed 
tool. To construct this pattern, we proceed as follows : For 
a small pattern, we take two pieces, somewhat thicker than 
half the thickness of the finished pattern, and large enough 
to allow for turhittg. We then chuck them, as shown in 
Fig. 130, and tuin them up. The recesses, shown at the 
center by the dotted lines, must be 
made of equal size in the halves of the 
pattern j and we prepare a chuck with 
a projection across the center to fit 
into the recess, and thus rechuck the 
pieces, and turn out the opposite sides, 
cutting the hubs out of the soUd. We 
may then fit a plug into the recess in 
one half of the pattern, and glue it 
£a>8t, allowing it to project so as to fit 
into the recess in the other half; and 
the pattern is complete, unless the 
hole hi the hub is to be cored, in which 
case it will be necessary to fix core 
prints on the top and bottom, in the 
maimer described in our first example. 
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A useful hiut may liore be given to the effect that when 
it is decided to fix prints in the center of a piece of tamed 
work, a slight recess may be made to receive the print, 
which is then sore tx> stand true; and should it at any time 
get accidentally knocked ofiF, as prints often do, another 
may be immediately af^ed without the trouble of finding 
the center. The pattern now supposed to be made, though 
good enough for many purposes, has one great defect which 
will be readily perceived when we bear in mind our remarks 
on the properties of timber. It is, that it will gradually be- 
oome oval ; and to avoid this, we must have recourse to 




^hat is termed building up, a process which must in any 
event be used, if the pattern is a large one. To build up 
Guch a pattern, we proceed as follows : After drawing the' 
pulley in section and in plan, as shown in Fig. 131, we 
divide the whole height of the section into courses, the 
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uoinber of courses being regulated so as to Lave each of a 
convenient thickness. It is advisable, however, to have at 
least two courses in the flange, which will greatly increase 
its strength. After dividing one of the circles in the plan 
view into six parts, wo draw lines irom the points of division 
to the center, as shown ; and then we make a template of 
one division, as shown at A, which must be made a little 
larger than the division, and this forms a template where- 
by to cut out tlie segments forming the courses which make 
up the flanges. A sunilar template, cut out somewhat 
larger than the space devoted to B, in Fig. 131, will serve 
to cut out the sections to be used in forming the body of 
the pattern. The flanges being made in two courses each, 
and there being six sections in each course, we shall require 
26 pieces of the size of the large template; aud allowing 
each half of the body likewise to consist of two courses, 
we shall require the same number, to form the body of the 
pattern, of the size of the small template. 

Our templates being made, we plane up some pieces of 
board a trifle thicker than the courses are intended to be. 
It is easier to plane up the pieces of the board while yet 
square, than to plane up the segments separately. From 
the template, with a black lead pencil, we mark off on the 
planed pieces of board the requisite number of segments, 
and cut them out with a band or jig saw. We now 
proceed to building up, for which purpose we employ 
a chuck as a base whereon to build. It will save time, 
however, to have two chucks, building one half of the 
pattern on each, and both halves simultaneously, which 
will give sufficient time for each course to dry, without 
requiring nails or pegs to assist the glue in holding them 
together. The two chucks having been prepared, we glue 
to them strips of paper at intervals where the points of 
the segments will come, as shown in Fig. 132 ; and if the 
segments are very long, we glue another strip between 
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each of these strips, so that the segment may Be levd 
on the chuck. As the building proceeds, the end of each 
segment must be planed; and for this purpose, we re- 
quire what is called a shooting board, which is a simple 




contrivance, made in the following manner : We take a 
piece of board about 2 feet long, 8 or 9 inches wide, and 
nearly 1 inch thick, and also a piece of the same length, 
but 6 inches wide, and f inch thick; and after planing 
them up straight, we screw one to the other, as shown . 
in Fig. 133, at A B. S is a raised piece called a stop, 
and it should be recessed about f inch into B, and dove- 
tailed. It should not be glued, as the shooting board is 
useful for other purposes besides dressing segments : and 
it may be necessary to change the stop for one of a dif- 
ferent height In Fig. 133, the segment is shown in posi- 
tion for being dressed; while in Fig. 132 o, the truing 
plane is shown lying upon its side, in which position it 
works along the board, guided by the piece B. 

The shooting board, made as above, when in use, lies 
upon the bench, butting against the bench stop, B 6. 
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In caseS; however, where the space is confined, the work 
bench being small, the shooting board may be worked lying 
across the bench, providing the stop, 0, be aflSxed to it. The 
use of the shooting board, then, is to plane the end of each 
segment to its necessa- 
ry length and angle; 
and having so dressed 
one segment, we glue it 
to the pieces of paper 
on the chuck, upon 
which a circle of the 
necessary diameter has ( 
been marked, as a 
guide whereby to set 
the first course of seg- 
ments. We must not 
forget, while gluing 
the segment to the 
pieces of paper on the 
chuck, to give the ends 
of the segment a coat 
of glue for sizing, as 
explained in a previous 
example. Our next 
segment we treat in a 
precisely similar manner, save that, while gluing it to the 
chuck, we also glue it on the ends, so that it shall be sized 
at one end, and glued at the other to the segment already 
glued to the chuck, the object of the end gluing being to 
strengthen the building, and at the same time to prevent 
the comers of the segments from breaking out during the 
process of turning them in the lathe. As each segment is 
glued to its place, it should be clamped or weighted down, 
so as to expel the excess of glue, and also to prevent it 
from shifting while its neighbor is being butted against it. 
6** 
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Having completed one course (which will, of course, be one 
of those intended for the flange), and allowed sufficient 
time for the glue to dry, we put the chuck in the lathe, 
and true up by facing off this layer of segments to its 
proper thickness, making the face straight, and testing the 
same by using a chalked straightredge to make the high 
places more plainly visible. We then true the diameter 
of the course. 

Our work is at present fastened to the chuck by the glue 
only 5 and for small work, only two or three courses high, 
this will suf&ce. But if the work is large, one screw should 
be inserted through the chuck into each segment, about 
half way between the points ; and even then, if we build 
far out from the chuck, it will be necessary, after a few 
more courses have been added, to replace these screws by 
longer ones, which may be done (without disturbing the 
work) by replacing them one by one. If screws are inad- 
missible by reason of the danger of splitting the segments 
(as is sometimes the case), we must adopt another method } 
and that is, to discard the paper, and glue an extra course 
of segments firmly to the chuck, this extra course being 
afterwards turned away, until cut through. 

The second and consecutive courses of segments are built 
up in the same manner as the first, the planed faces of 
the segments being glued to the respective faced courses 
on the chuck, until we arrive at the last course in the 
half pattern 5 and into this the half spokes or disc, which- 
ever it may be, must be recessed, as shown in Fig. 131. 
The hubs are to be turned in the lathe separately, with a 
short plug on the under side, to fit a slight recess turned 
in the disk. If it is preferred, the disk or spokes may be 
made solid, and fixed to one half of the pattern, the other 
half and its half hub being left loose. 

As we have stated that this may be a spoke wheel, it 
will be as well to explain the operation of making and flt- 
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tang the spokes or arms. K the spokes are four in nam- 
ber, the process is very simple. We take two pieces of 
timber long enough to reach across the wheel, and plane 
them to the required thickness of arm, and have them 
sufficiently wide to shape the hollows about the hub and 
towards the rim. Then we make a mark with a pencil on 
one side of each, which we call the face. We then set a 
gage to half the thickness of the spoke, and with it mark 
lines on both edges of each piece, always gaging from 
the fa<5e side. We meet at the center of the length, cut a 
recess out of each sufficiently wide and deep to admit the 
other, so that the pieces, when put together, form a cross, 
which we let into the wheel and fix temporarily with 
brads. We now place the work in the lathe, and start 
the lathe so as to find the center of the wheel, from which 
center we draw out the arms, and then turn out the recess 
to receive the hub. We mark the arms to their respec- 
tive places in the rim, so as to be able to correctly replace 
them, and then we take them out of the rim, and shape them 
to their proper conformation. This being done, we glue 
them to their places in the rim. In the case of six arms 
being required, all these operations are similar, with the 
exception that there are three pieces to be framed to- 
gether for the spokds instead of two ; and we proceed in 
the t'oliowing manner : We divide the thickness of any 
one piece into three equal parts, and mark lines to these 
equal divisions on the edges of all the pieces. These 
gage hues need not extend the full length of the pieces, 
but only for some distance, about the center of the length, 
where it is expected the recess will be cut out. We next 
gage center lines on the flat sides, and find the centers of 
the lengtii approximately. A, B, and 0, in Fig. 134, re- 
present our three pieces, which, when put together, are to 
form tlie six arms. Setting the compasses to a radius of 
one half the width of the pieces, we mark (from the centers 
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already found) circles on one side of the pieces A and 0, 
and also on both sides of B. We next set a bevel square 
to an angle of G(P; and with this, set to touch the edge of 
the circle, we draw, on A and G, tangents crossing each 
other; and on the piece B, four such tangents, two on 
each side, must be marked. The piece A must now be 
recessed between one pair of tangents to a depth of two 
thirds of its thickness, and between the other pair to a 
depth of one third. B must be recessed on each side to a 
depth of one third its thickness ; while on the piece O, 
the whole of the space included between the tangents must 
be cut away to the depth of two thirds. The recesses 
must be cut true to the lines, and level, a rabbet plane be- 
ing useful for the purpose, unless the work is small ; and 
if the job has been carefcdly executed, the pieces will fit 



JPUffis^. 



right together, and may be glued without further labor. 
For an odd number of arms, such as 3, 5, or 7, the metliod 
of putting together is diifferent, and is not so strong as the 
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foregoing. It is as follows: Upon a flat piece of board, 
fasten a piece of paper, and describe upon the latter a cir- 
cle; then divide the circumference of the latter into as 
many equal parts as it is required to have arms, and draw 
lines fix)m this center of the circle to the circumferential 
points of division, as shown in Fig. 135. Then bevel the 

ends of the pieces equal- 
ly on each side, so tliat 
each shall exactly cover 
its own division of the 
circle ; and as each is fit- 
ted, fasten it temporarily 
^ down, and when all are 
fitted, verify the work as 
follows: Observe if the 
pieces are equidistant 
from one another, at an 
equal distance from the 
center of the circle, and 
at or near the extremities, when any error will be easily 
detected and rectified. Then glue the pointed ends all to- 
gether, fastening each piece temporarily to the board, as 
before, and set the whole away, until it is quite dry, when 
the piece may be taken from the board, and the required 
form given to the arms, ready for finally fixing to the rim 
of the pattern. 

In almost all cases it is necessary tliat wheels of this 
kind be provided with hubs; and by the attachment of 
the latter, the joints of the spokes at the center, when 
made as shown in Fig. 135, are very much strengthened. 
But in the rare event of having to put together such a 
combination of arms without hubs, it will be advisable to 
turn out a recess at the center, making it as large as prac- 
ticable, and fitting into it a disk of hard wood. Before 
catting out the spaces in the rim to receive the extre- 
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mities of the arms, it is necessary to turn ont that part of 
the rim to the flnished size, as it will be inaccessible to the 
turning tool, when the arms are glued in. The arms being 
fitted to their places, and made fast to the rim, we proceed 
to torn all that can be got at — that is to say, the exterior 
diameter of the body of the half of the half-pattern, and 
also the flange. ; It is needless to add that each half of the 
pattern must be similarly treated. 

The work is now to be reversed on the chuck, and the 
inside turned out, together with a recess at the center, to 
receive the hub. To maintain the two halves of the pat- 
tern in coincidence, two, and sometimes three or more, pegs 
are inserted in the arms of one half, which pegs fit into holes 
bored to correspond in the arms of the other half of the 
pattern. In some cases, the flanges of the pattern are re- 
quired to be so thin as not to admit of two layers or 
courses of segments in their composition, in which event — 
especially if the' flanges extend far from the body of the 
pattern — it is well to strengthen the joints of the segments. 
Perhaps the neatest way of accomplishing this, is to make 
a saw cut in the ends of each segment, and, at the time of 
gluing, to insert a tongue or thin strip of wood, nicely fill- 
ing the saw cut, the grain of the tongue being at right 
angles to the line of the joiDt of the segments. Care 
should, however, be taken to have the saw cut in each at a 
similar distance from the face of the segment. It will be 
l)erceived that the flanges might be omitted without mak- 
ing any difference in the method of construction ; nor does 
tlio method to be pursued vary to any great extent for all 
kinds of rope or chain pulleys. 
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CHAPTER VIIL 

PIPE BENDS, AND LAGGINa. 

0»ir next example will be a pipe bend, such as is shown 
in section in Fig. 136. It will be seen npon examination 
that the bend proper is included in that portion contained 
within the dotted lines, and D D, which meet at the 
center from which the arcs, forming the bend, are struck. 
Those parts exterior to the dotted lines are made separate- 
ly from the bend proper, and are subjects iu plain turning, 
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similar to those already treated npon. It will be noted, 
however, that in this kind of patterja the core is not so well 
fiapported as in our previous examples ; and it has, there- 
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fore, a tendency to sag or droop towards the center of the 
arc, and also to rise above its proper level when the metal 
is poured into the mold. To obviate this, we must make 
the core, and hence the core prints, extra long, as shov/n 
by the dotted lines in Fig. 136. It is usual also to make a 
provision for fastening these external pieces to the bend 
proper, as follows : The flange is one piece, the bend proper 
another, and the core print yet another. The cx)re print 
fits into the flange, and has a projecting piece extending 
into a recess or hole, provided in the bend proper to receive 
it, as shown, and thus is the pattern strengthened. If the 
core prints are made so short that the core overbalances 
itself when placed in the mold, the molder inserts into 
the mold, stays or supports to keep the print in iwsition ; 
and these supports are called chaplets. They consist of . 
pieces of thin sheet iron, bent to about the curvature of the 
core, and riveted to a piece of wire, the device being pressed 
like a flat-headed nail into the sand. The piece of sheet 
iron represents the nail head upon which the core rests, 
and it is inserted into the cope and nowel, so that they pro- 
ject the proper distance. They act to prevent the core 
from either sagging or lifting, by floating upon the molten 
metal. Then', when the casting is taken from Ae mold, 
the projecting wires are chipped off, and that remaining in 
the casting is riveted. This trouble can be, in many cases, 
saved, by simply making the core prints a few inches 
longer ; besides, wherever there is a chaplet, there is an 
excrescence left upon the casting. In the case of large 
work, however, the matter is different, on account of the 
expense of making very long prints, and their awkward- 
ness in being handled. 

The bend part of our pattern may be either turned hi 
the lathe or pared by hand ; and sometimes it is a difficult 
matter to decide which of the two will best answer the 
purpose. To turn up a bend, it is necessary to turn up a 
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ring semicircular in section, as shown in Fig. 137; and of 
a radius corresponding to that of the required bend. This 
ring is then cut up into portions of the length of arc re- 
qnired| and about one half is in most cases left over. The 
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advantage of this method is the direct and ready manner 
in which the required form is obtained ; whereas, in par- 
ing and shaping, the bending by hand, though the opera- 
tion be ever so skillfully performed, will not be so true 
as if turned. And when we consider that castings only 
three thirty-seconds of an inch in thickness are sometimes 
required, we perceive that the slightest error or deviation 
from the true shape will be perceptible, and will often re- 
sult in the loss of a large proportion of the castings. For 
all small work, then, the turning is of decided advantage ; 
but since such is not always the case with large work, and 
since the line must be drawn somewhere, a correct decision 
will always be largely influenced by the facilities aflforded 



Fi^J38. 



by the tools, etc, in the shop. In the example shown m 
Pig. 138, which is what is called a return bend, the whole 
of a ring, turned as above described, would be appropri- 

7 
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ated : therefore, there being no loss of material^ the method 
S>y turning will in this instance always be preferable. 

In fixing the half flanges for work of this kind, not ex- 
ceeding six or seven inches in size, one screw passing 
through the center of the pattern into the flange will be 
sufacient Oare must, however, be taken to hold the flange 
firmly in its exact position, while boring for and during the 
insertion of the screw. It should not be forgotten to add 
the small projecting piece, B, shown in Fig. 13G, which lies 
in the center line of each arm of the bend, which is pro- 
vided to enable the casting to be conveniently swung in the 
lathe. 

Before quitting examples of this kind, it will be well to 
once more direct the reader's attention to the core boxes, 
so as to impress upon him the important fact that, where 
equal thickness of metal is required, the core box should be 
as the pattern is. A round pattern demands a round core 
box ; the one is of equal importance with the other. For 
example, in the designing of a bend, the required thickness 
is determined by the amount of internal strain to which 
the casting will be subjected. If, then, we give a round 
bend and an oval core box, we either make the bend too 
weak, or we cause the manufacturer to pay for so maay 
pounds of metal which he does not require. In the case 
of castings so thin as to require care to make the metal 
flow throughout the mold, an unduly thin place or spot 
will prevent the flow (at that part) of the metal, and thus 
spoil a large proportion of the castings. 

A half core box for either a bend or a T may be made 
by preparing a block sufllciently large to cut out the whole 
recess, as shown by the full hues in Fig. 139. In this case, 
after the block has been surfaced truly on one side and 
edge — the grain of the wood being in the direction denoted 
by the arrow — the center lines are marked upon it, and also 
QI)on the pattern. We then lay one half of the pattern 
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apon the block, and make the center lines upon them come 
exactly fair and even; and then we mark upon the face 
of the block the outline of the pattern, core prints and alL 
The core prints will, of course, bo the right size of the core j 
but the outline marks thus produced form a guide to work 
by, and the distance between these outline marks and the 
edge of the core will represent the thickness of metal m 
the finished castiDg. A margin of stuff in the block is 
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requuHid outside of the outhne marlts, so as to give the core 
box sufficient strength. We next trace out a plan of the 
core, and then, upon the ends or sides of the block, we de- 
scribe semicircles representing the exits of the recess to be 
cut out, the block being left so deep as to leave stuff enough 
below the depth of the recess to afford ample strength. 
We may now proceed to cut out the core by our hand 
toolSy finishing it with the plane shown in Fig. 14, and 
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smoothing it with sand-paper wrapped around a piece of 
wood of a sweep or curve a little less in radius than that 
of the core box recess. 

Another method of getting out a core box for a bend is 
shown by the dotted lines in Fig. 139 ; and in this instance 
we make the core box in three pieces — ^the object being to 
turn up the end pieces, A A, in the lathe — ^the manner of 
procedure being as follows : We get out the two pieces 
marked A A, and square up the faces truly, and chuck 
them, with the planed faces placed together in the chuck 
shown in Figs. 56 and 57, taking care that they are 
chucked so that, when the hole is bored in them,jt will be 
half in each piece, or, in other words, chucking them truly, 
with the joint between the two. We then pare out the 
curved part in the middle section, and then glue on the end 
pieces, A A, A A, and strengthen the whole by placing 
battens on the bottom and sides. 

Fig. 140 represents a half core box for T. In half core 
boxes it is necessary to close the openings in the ends or 
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sides by bradding on pieces of light board, taking care to 
give draught by paring them slightly concave at the top, 
and thus making the ends of the core similar to the slight- 
ly rounded ends of the pattern. When these pieces are 
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omitted, tlie core maker has to extemporize them. When 
a full core box is required, as in the case of the oblique T, 
it is sufficient to mark the shape of the core upon one half 
only of the box ; and when this is cut out, we may place 
the two half boxes together, and trace the second half from 
the finished one, using a large bent scriber for the purpose 
of marking. 

Economy in timber and in the cutting must be studied 
as much in the core box as in the pattern ; hence, when the 
pattern is of such a size as to render it economical to build 
it in pieces, it wiU be equally desirable to build tbe core 
box in like manner. For the bend itself, however, it is 
scarcely necessary to speak, for the core can be made with 
a simple contrivance ; whereas the building of a half box, 
though not offering any elements of difficulty, demands so 
much labor in the cutting out, compared with the extra 
labor devolving upon the core maker employing the con- 
trivance referred to, that such boxes are for large work 
seldom or ever constructed. We proceed, therefore, to 
describe the contrivance with which the core maker is 
usually supplied. It is apphcable to all sizes where loam 
cores are used ; but the core box is preferable when its con- 
struction involves no great outlay. 

Having determined upon the size of the core from end to 
end of the prints, we proceed to make a pattern from 
which one or two iron plates may be cast. Upon these 
plates the core, in separate halves, is made and dried. 
The plates are generally about f inch thick, and of such 
a width as to leave a small margin around the core, to sup- 
port what is called the strika In Fig. 141, P represents 
the plate, G the core, and S the strike ; this latter is cut 
from a piece of board from f to 1 inch thick, the semi- 
circular hole cut in it being the size of the required core. 
The grain of the wood may run in the direction of the ar- 
row. It is strengthenedi if necessary, by the two battens, 
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shown in Fig. 141 a, at B B. The edges of the semicircle 
are beveled off, which causes the strike to work more 
smoothly and correctly over the comi)osition forming the 
core. 

A few flat-headed tacks should be driven into the sur- 
faces of the strike that come into contact with the iron 
plate, so as to prevent the wood from wearing rapidly away, 
and thus altering the shape of the core, and causing it to 
be oval. The core maker places upon the iron plate enougb 



ur. 



Or 




1^ 

material to make the core, and, taking the strike, places 
it so that the edge or shoulder. A, in Fig. 141 a, contacts 
with the edge of the plate. He then sweeps the strike 
over the material ; the semicircle leaves the core upon the 
plate, and sweeps off the surplus material, the sweeping 
process being completed until the perfect half core is 
tbrmed. In Fig. 141 a, P represents the plate, S the sweep, 
and the material or core, the figure being an end view, 
and the tacks referred to being shown, so as to mark their 
location. 

We have hitherto treated of building patterns of such 
size that they could be made out of the solid; it often 
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happens, liowover, that the pattern maker is reqtured to 
bnild up a pattern by what is called staving or lagging. 
As an example of this kind of work, let it be required to 
stave up a pipe, 18 inches diameter inside, with 1 inch 
jiickness of metal. Wo proceed by taking a clean board, 
and drawing on it the line, A O, in Fig. 142 ; and then we 
describe upon it the semicircle, ABO (for we will suppose 
the pattern to be made in halves), of the required finished 
size of the pattern, the shrinkage being allowed for. This 
semicircle we divide off into as many equal parts as it h 
uitended to have staves ; and we next draw radii from the 
points of division to the center of the semicircle. We then 




take any one of these divisions — of which there are six 
shown in Fig. 142 — and draw the line, E F, parallel to an 
imaginary line joining the points of division, D. The 
distance of the line, E F, from the arc is the amount al- 
lowed for the lathe turning — say in this case, | inch. We 
next draw the line, G 11, parallel to E F, and the figure, E 
F G H, is the exact size and form required for each stave. 
From the center, Q, we then describe a semicircle passing 
through the points, G H, and cutting each of the radii ; 
and bj' joining all these points, we form the half polygon, 
shown by the whole figure. This shows the exact size 
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and Bhape of the disk to which the staves are to be fixed. 
In Fig. 142, this whole process is drawn twice, showing 
thick staves and thin ones ; fix)m 1 to 6 representing the 
thick, and from 7 to 12 the thin staves, while 13 repre- 
sents the disk of wood. The thin staves are to form the 
body of the pipe ; but when it is desired to have the points 
solid with the body, we must use the thick staves. The 
first procedure is to prepare the requisite number of disks, 
making them of the form shown; and some pattern 
makers do this by turning the disks, and then fiattening 
them off to form the sides of the polygon. But when a 
band saw is accessible, the turning is unnecessary ; and 
we may simply draw them out and saw almost to the line, 
allowing say ^ inch for finishing. Each half disk should 
be pegged to its mate, and a template, like the figure 
E F G H, is useful in preparing the staves and verifying 
their sizes. To prepare the staves, we cut out with the rip 
saw the required number of pieces, a little wider than 
E F, in Fig. 142 j or if there is a circular saw at hand, we 
use it in prisference, and it will save time to resaw the 
pieces, to give them the required bevel, which may be 
done by canting the saw table. In the absence of any 
provision for canting, we may fix a packing piece to the 
table, so as to elevate one edge of the stave. After 
sawing, we plane the bevel edges to correspond to the 
template, leaving just a shade of stuff to allow for joint- 
ing the staves at a close fit together. 

Having prepared the staves, we set up the pattern, as 
follows : On a planed board, the requisite number of half 
iisks are placed, perfectly in line with each other; and 
the outer ones must be at such a distance apart as to 
allow for turning up the ends of the staves. The inter- 
mediate disks, if any (and they should occur about every. 
2 or 2J feet), are to be distributed at equal distances in 
the space that intervenes. These disks we then fix tem- 
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porarily to the board, paper being laid at tiie ends of the 
disks to catch the surplus glue. 

The staves are glued, and each screwed with one screw 
to the disk. The boring of the stave to receive the 
screw should be performed before applying the glue, and 
the head of the screw should be well sunk beneath the 
surface, so as to admit of a wood plug being glued in on 
top of it First, a hole is bored in the stave, a little larger 
in size than the head of the screw, and nearly as deep as 
the screw head is to be sunk j for, in tightening the screw, 
the head will be sure to be driven I- or J inch deeper than 
the hole is bored — that is, providing the material is a soft 
wood, as is usually the case. The stave is now to be com- 
pletely pierced with a hole just fitting the plain part of 
the screw. If it is larger, the head of the screw will sink 
deeper ; while, if it is smaller, a thread will be cut in it by 
the screw, and it may prevent the stave from being drawn 
to its place. The glue should be applied and the screw 
inserted while the glue is hot It is best to join on a stave 
back and front ; that is, at each end first, and to then put 
in the middle or connectuig stave, thus completing one 
length of the staves, the top one being, preferably, the 
first erected. In putting on the succeeding, staves, each 
one should be properly jomted to its fixed neighbor; a ht- 
tle chalk being nibbed on the fixed stave will show if its 
fellow bears or joints properly. When one half of the 
pattern is finished, we may dispense with the board, using 
the finished half in its stead, and taking care to insert 
pai)er between the two, to prevent the glue from sticking 
them together. 

In lagging up a branch for a T, the disk at one end 
should be set back suf&ciently fiir to allow for the part 
to be cut away in fitting the branch to the body of the T, 
as cxplamed when treating that subject This method of 
staving is that regularly employed for cylinders, pijics, 
7* 
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Toilers^ and similar jobs ; and though snfSciently simple 
for straight pieces, it becomes very complicated when ap- 
plied to a bend. It is not, therefore, usual to stave up a 
bend, but to build it in tlie manner illustrated in Fig. 143. 



mm. 




The operation is, to first draw the bend in plan, of the full 
size, upon a board. Let B, in Fig. 143, represent the 
center from which it is struck, the plan in this case being 
a quarter circle bend, denoted in Fig. 143 by the line 
D F, the lino 6, and the sections of a circle, H and J. 
We have decided to build up our pattern with five pieces, 
an end view of the half pattern being denoted by the circle 
B F, and five pieces or layers being denoted by dotted 
lines, so that by adopting this method we show the plan 
and end view of the bend in one drawing. It would be 
well now to cut out forms, in card or in very thin wood. 
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as templates, one for each of the pieces, marked from 1 to 
5 respectively. To obtain these templates, we draw the 
line B ; and firom the center, D, we describe the semicir- 
cle E F, representing the diameter of the half bend. We 
then lay oflF the tires from 1 to 3, as shown by the dotted 
lines ; and to find the beads necessary for each respective 
piece, we proceed as follows : Setting our compasses at a 
distance eqnal to that between the center from which our 
bend is struck (B in Fig. 143) and the extreme outside of 
the piece marked 1, we draw the quarter circle denoted by 
the dotted line, K. Then setting our compasses from D to 
the inside of piece 1, we draw from the center, D, the 
quarter circle denoted by the dotted line, L. The space 
included between those quarter circles, and denoted by 
I T, is the sweep for the piece 1 ; and we may cut it out for 
use as a template wherefrom to mark out piece 1. By set- 
ting the compasses in like manner for each respective piece, 
2, 3, 4, and 5, we obtain the templates, 2 T to 5 T, respec- 
tively, for use in marking out the pieces upon tlie board 
from which they are to be sawn. In building the pieces 
up, we lay those forming the lower tier on the plan previ- 
ously drawn out on the piece of board, putting them a 
little outside the lines, to allow for finishing. We then 
temporarily fix them in that iwsition — the faces being, of 
course, planed up. We now glue on the next tier. It is 
well, however, to have a semicircle made of a piece of thin 
wood, and of the size of that shown in Fig. 143, by E F, 
which we may place upright against the ends of the first 
tier, as a guide in adjusting the position of the second and 
succeeding tiers. The number of tires is discretionary j 
but it is well to have the top piece comparatively thick, so 
that it shall hot be liable to curl, as it would be apt to do . 
if the turning left it thin. If the joints of the tiers are 
well surfaced and well glued, neither nails nor screws will 
be needed. It is not compulsory to make each layer a 
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continnons piece, and it will save stuff to make evary al- 
ternate layer of two pieces ; but the bottom and the top 
layers are better, if each be made in one piece. 

It will be observed that this staving up a bend is both 
laborious and wasteful ; yet there are cases in which it 
becomes imperatively necessary to make it in this manner. 
A very common job of this kind is lagging up a steam 
pipe, such as shown in Fig. 144. The pipe is usually cov- 
ered with felt or some other non-conducting material, and 



covered round with mahogany or walnut. Now, it would 
be very unsightly to have the joints in the bend out of line 
with those on the straight part of the pipes. A hollow 
bend of wood has, therefore, to be constructed, having in 
it the same number of staves as there are for the straight 
pipe. To get out the pieces for such a bend, we proceed 
as illustrated in Fig. 145, in which there are shown 6 
sections or staves, the semicircle 6 H representing the 
required inside diameter of the bend ; while the semicir- 
cle A E represents the required outer diameter. We 
then divide off one of the semicircles into the required 
number of divisions ; and we draw radii, and then form 
rectangles around each division or space representing a 
stave, as shown by dotted lines in Pig. 145 at 2, 3, and 
5. The method pursued in getting out these staves is 
precisely similar to that pursued in building up in our 
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last example. In this case, however, as each stave is 
fitted to its fellow, it should be held to its place by 
dowels — ^that is, small pins of wire placed at frequent inter- 
vals — which will serve instead of glue, which would not 
answer, by reason of the heat from the steam pipe. The 
disks upon wliich the bend is built, and of which there 
should be at least three, are merely tempprary; and 
therefore the staves are not to be fastened to them. 




except for convenience, so as to keep them in position. 
For this purpose, a piece of paper, with a little hot glue 
on each side, should be placed between the stave and 
the disk ; it will make a fastening sufficiently strong, if 
a little pressure be applied during the drying. If either 
nails, screws, nor staples, are admissible on this kind of 
job, as they would mar the appearance of the work 
when finished and polished. The two halves of the bend 
being completed, they are made to go together with 
loose pegs — ^that is to say, pegs that do not fit the 
holes tightly, as the dowels do. The halves should be 
held together by polished brass or plated bands j and 
the neatness of the finished appearance will amply repay 
the cost and the trouble, for the polished wood forms 
a pleasing contrast to the contents of an engine room, 
where almost everything the eye can rest on is iron« 
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fiXAMPUBS IN GLOBE VALYBS. 

^ In Fig. 146, we have for an example a common globe 
fralve^ shown partly in section and with a gas thread cut 



in the openings. The flanges vary in shape; bnt^asarnle, 
small valves are provided with hexagons, and large ones 
with round flanges suitable for bolting to similar flanges 
to make joints. For small valves, say up to 2 inches, the 
pattern is usually made with the hex- 
agons cut out of the solid, but for 
sizes above that, they should be made 
in separate pieces, as shown in Fig. 
147, and screwed to the pattern, so 
that in case of necessity they may be 
=^ removed, and flanges substituted in 
{their stead. In Fig. 148 we have a perspective view of 
• the finished pattern ; and Fig. 149 represents the pattern 
jas prepared, ready to receive a flange or hexagon as may 
be required, A globe valve pattern should be made in 




Digitized by LjOOQIC 



GLOBE YALYES. 



160 



halves, as shown in Fig. 150, the parting line of the two 
halves being denoted by A B. To make this pattern, 
we first prepare two pieces of wood so large that, when 




pegged together, the ball or body of the pattern can be 
tamed ont of them, and long enough not only to reach from 
P to P, in Fig. 149, but also to allow an excess by means 
of which the two pieces may be glued or otherwise fixed 
together. These, two pieces we plane to an equal thick- 
ness, and then peg them to retain them in a fixed position, 
takuig care, however, that the pegs do not occur wiiere 
the screws to hold the flanges will require to be. We also 
place two pegs within a short distance of what will be the 
ends of the pattern when the excess in length referred to 
is turned off. We next prepare, in the same way, two 
more pieces, to form the two halves of the branch, shown 
at B, in Fig. 150, for which, however, one peg only will bo 
necessary. These pieces must be somewhat wider than 
the size of the required hexagon across the corners — ^that 
is, supposing the hexagon is to be solid with the branch- 
otherwise we must make them a little wider than the 
diameter of the hub of the flange or of the round part of 
the hexagonal pieces. Their lengths mmst be such as to 
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afford a good portion to be let into the ball or body of the 
pattern (as shown by the dotted lines in Fig. 149), which 
is necessary to giye sufficient strength. The two pieces 

must be firmly fixed 
together, and then 
tamed in the lathe. 

During the eaiiy 
stages of the turning, 
or, in other words, 
during the roughing 
-i out, we must occa- 
sionally stop the lathe 
and examine the flat 
places on the body; 
for unless these places 
disappear evenly, the 
work is not true, and 
one half will be thick- 
er than the other, so 
that the joint of the 
pattern will not be in 
the middle. It was to insure this, that the pieces were 
directed to be planed of equal thickness, since, if such 
is the case, and ^,.,^— ,..,^^^ . 

the flat sides dis- ^^ ^X/!^i^4^- 

appear equally 
and simultaneous- 
ly duringthe turn- 
ing, the joint or 
parting of the pat- 
tern is sure to be 
centraL If the 
lathe centers are 
not exactly true in the joint of the two pieces, they may 
be made so by tapping the work on the side having the 
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nanowest flat place, the process being contmued, and the 
work being tnied with the turning tool at each trial, ontil 
the flat places become eqoal. By this means we insure, 
without much trouble, two exact halves in the pattern, 
which is very important in a globe valve pattern, on ac- 
count of the branches and other parts, not to mention the 
molding. Having turned the body of the pattern to the 
requisite outline, and made while in the lathe a fine line 
around the center of the ball where the center of the branch 
is to come, as shown in Pig. 149, by the line A, we make a 
prick point (with a scriber) at each crossing of the line A 
and the joint or parting of the pattern. We then mount the 
body upon a lathe chuck, in the manner shown in Fig 151. 
A point center should 
be placed in the lathe, 
and should come exact- 
ly even with the line 
A. In Fig. 151, V V 
a^e two V blocks made 
to receive the core 
prints. These Vs are 
screwed to the lathe 
chuck, and the pattern 
is held to them by two 
thin straps of iron 
placed over the core 
prints and fastened to 
the V's by screws. If 
the chuck and center 
point run true, the V 
blocks are of equal 
height, and the core i 

prints are equal in diameter, the prick point opposite to 
the one placed to the center point will run quite true ; 
and we may face off the ball or body to the required dia- 
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meter of branch, and bore the recess to receive the same. 
We make the holes in the flanges of the same size as the 
core piints ; but we should not check in the print, because, 
if a flange with a different length of hub were substituted, 
it would be a disadvantage. To obtain the half flanges, 
we take a chuck and £eu» it off true in the lathe ; then, 
with a fine schber point, we mark the center while the 
chuck is revolving. We then stop the lathe, and placing 
a straight-edge to intersect the chuck center, we draw a 
straight line across the chuck face. We then take two 
pieces suitable for the half flanges, and plane up one flat 
side and one edge of each piece. If the flanges are not 
large ones, they may be planed all at once in a long strip. 
We place the pieces in pairs, and mark on each pair a cir- 
cle a little larger than the required finished size of flange. 
We then fix each pair to the chuck, with the planed £aioes 
against the chuck, and the planed edges placed in con- 
tact, their joint coming exactly even with the straight 
line marked on the chuck £Ei>ce, and we may then turn 
them as though they were made in one piece and to the 
requisite size. 
In Fig. 152, we have a representation of one half of a 



suitable core box, the other half being exactly the same, 
with the exception that the position of the internal parti- 
tion is reversed. To get out this core box, we plane up 
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two pieces of exactly the same size and length as the pat- 
tern, and of such width and thickness as will give suffi- 
cient strength around the sphere, allowing space for the 
third opening. After pegging these two pieces together; 
we gage, on the joint face of each, lines representing the 
centers of the openings and the center of the sphere. We 
then chuck them (separately) in the lathe, and turn out 
the half sphere. We next place the two halves together, 
and chuck the block so formed in the three positions ne- 
cessary to bore out the openings ; or, if preferred, we may 
pare jbhem out The partition (A, in Fig. 152) follows the 
roundness of the center hole, and is on that account more 
difficult to extract from the core, than if it were straight 
and verticaL When, however, the partitions are of this 
curved form, the pieces of which they are formed are com- 
posed of metal, brass being generally i>referred. Patterns 
have in this case to be made, wherefrom to cast these 
pieces, and they may be made as follows : First, two half 
pieces, such as shown in Fig. 153, are turned; each is then 
cut away so as to leave the 
shape as shown at G, in 
the same figure, and is 
then fitted into the spheri- 
cal recess in the core box, 
letting each down until 
both are nearly but not 
quite level. The two 
pieces, A and B, in Fig. 
153, are then fEtsteued on, 
and this pattern is com- 
plete. When the pieces i 
are cast, they must be filed ^ 

to fit the core box, and finished oflf level with its joint fiftce, 
a small hole being diilled in the center, and a pin beuig 
driven through the piece and into the box, to steady the 
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comers. We then saw the pieces in halves with a very 
fine saw. 

If the partition^ instead of following the roundness of 
the valve seat, is made straight, the constraction of the 
core box is much more simple. In this case, a zigzag mor- 
tise is made clear through each half of the box, its size and 
shape being that of the required partition. Fig. 154 repre- 
sents a half core box of this kind. 
A piece of wood. A, is fixed as 
shown to the partition, to en- 
able the core maker to draw it 
out before removing the core 
from the box. The mortise for 
the partition should be turned 
out before the half spherical re- 
cess — ^the mortise being temporarily plugged with wood, 
to render easy the operation of turning. 

In very large valves (say 10 or 12 inches) a half core box 
is generally made to serve, by fitting the two half parti- 
tions, shown at 0, in Fig. 153, to a half core box, and 
keeping them in position by means of pegs ; a half core be- 
ing made first with one, and then 
one with the other in the core box. IfJff.Ij^m 

It is often necessary to form a 
raised seat in the body of an 
angle valve, such as shown in 
Fig. 155, which represents a 
section of such a body. It is 
shown with flanged openings, 
though in small valves hexagons, 
to receive a wrench, would be 
substituted. 

Fig. 156 is a plan of half the core box necessary for 
forming the raised seat. From this construction it will be 
seen that the large core, though solid with the branch 
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core, is not solid with that forming the hole in the seat 
and the part below it; therefore the core prints on the 
body pattern must be left 
extra long, to give suffi- 
cient support in the mold 
for the overhanging cores. 
The loose round plug, P, — 
is made of the size of the 
outside of the seat, and 
fitted to the box. The 
part outside the box is a 
roughly shaped handle to 
draw it out by. The di- 
minished part, D, is a 
print, and into the im- 
pression left by it is in- 
serted the core made in 
box, shown in Fig. 157. 
The print, D, is of the same diameter as the hole in the 
seat 'j and the print on the pattern 
is of the size of the increased di- 
ameter below the seat. Large an- 
gle valves are made with half a 
core box, by making a branch open- 
ing in the box right and left, a semi- 
circular plug being provided. Two half cores are made with 
the plug, first in one and then in the other branch open- 
ing. The plug, P, should be in this case only half round. 
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CHAPTER X 

JOINTS^ AND EXAMPLES IN BENCH WORK. 

T'lniing now for a space from examples requiring so 
nueli lathe work, we come to deal more particularly with 
the bench, and the devices and operations connected with 
it 

A good bench is a great assistance to a pattern maker. 
It should be perfectly true on its upper surface, which is 
best made of hard wood, and covered with a coat of varnish 
to prevent dust or dripi)ings of glue from adhering to it, 
so that it is always cleanly in appearance. The vise, when 
screwed close to tlie bench, should come level with its top, 
and the butt or stop for work to press against, should be 
so constructed that its height may be readily altered, as 
this \vill have to be done perhaps fifty times a day. In 
the absence of a well contrived mechanical stop, which 
always admits of re-adjustment without stooping, I should 
recommend a stop of wood made by placing two wedges 

togetlier, as shown at A and B, 
1 Fig. 158. A pin is fixed tightly 
in the wedge A, which slides 
f in a gi^oove, in B, for a short dis- 
tance 5 this prevents the wedges 
* from falling apart when loos- 
ened. A light tap on B loosens, 
and one on A tightens the stop. 
The ordinary contrivances used 
at the bench, in addition to the 
workman's tools, are the shooting board (already' described), 
the mitre box, and the bench hook. The mitre box is a 
contrivance to enable a workman to saw moldings, pipe 
patterns^ etc, to an angle of 45^. It is simply a trough 
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with saw cuts made at the required angle. The stuff to 
be cut is laid in the trough and pressed to one of its sides, 
the saw being guided by the saw cut. The bench hook 
is a piece of wood sawn to the shape shown in Fig. 159, 







and is used as a butt ; for timber, in cross-cutting work, 
should not be sawn directly on the bench. 

Figs. 160, 161, and 162, are illustrations of different 
methods of jointing pieces of wood together so as to form 
a square or any angle. Fig. 160 
represents a tenon and mortise joint, 
made as follows : The two pieces, A 
and B, having been planed or other- 
wise made to size as required, are 
marked for the position and length 
of the mortise in one case, and for 
the length of the tenon in the other ; 
both pieces are now gaged with a 
mortise gage, both being marked j 
alike ; and then from the face side ^ 
we mark a tenon or mortise of the size required, which is 
generally a third of the thickness of the stuff Where the 
mortise approaches the end of the piece, a provision has 
to be made to insure strength, by adding the extension 
denoted in Fig. 160 by the dotted lines. This practice, 
however, though often adopted in carpentry, is rarely ad- 
missible in pattern work; and in its stead, the tenon, or 
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the piece B, is diminished in width, as shown in Fig. 1G3, 

the mortise being ma/le to corresxK>nd. In order to 

avoid breakage during the catting of the mortise, the 
piece A, Fig. ICO, is got out an inch 
or two longer, which excess is sawn 
off after the glue is dry. An excess 
of ^ to ^ an inch should also be 
allowed on the tenon, as it is ne- 
cessary to chamfer off the comers of 
the tenon, so that in driving it may 
not damage the mortise. To prevent 
the tenon from, in time, working 
out, the mortise is slightly tapered — 

that is, made wider on the side remote from the piece 

carrying the tenon. Then the tenon is provided with 

two saw cuts, one on each side, 

near the edge; and after being 

driven home, wedges are driven 

into these cuts, thus locking the 

joint. A joint, moi-e commonly in 

use among pattern makers, is the 

half lap, shown in Fig. IGl, 

which has been akeady described. 

When this joint occurs away 

from the end of the pieces, the 

mortise need not, and should not, extend through the 
-y ^ piece. This joint, besides being glued, 

^^^^^^=g may be fastened with screws, or if 
^£ ?^ very thin, riveted with short pieces of 
lead wire. 
A very superior method of jointing 

is the dovetail, shown in Fig. 164, which is serviceable for 

connecting the ends and sides of a box, or any article in 

that form. The strength of the comer formed in this way 

is only limited by that of the material itself; therefore, it 
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should be preferred, when available, m making standard 
patterDSy or for work too thin to admit nails or screws. 
The comer formed by this joint 
is not limited to 90^ or square, 
so called, but may form any 
angle. Nor is it imperative 
that the sides or ends of the 
box or other article be parallel. 
They may incline towards one 
another like a pyramid ; a mill 
hopper is a familiar example of 
this. If it be required to dove- 
tail a box together, get out four 
pieces for the sides and ends, 

to be of the full length and width of the box outside, 
respectively. They are to be planed all over, not omitting 
the ends. The gage, that is already set to the thickness of 
the stuff, must now be run along the ends, marking a line 
on both -sides of each piece. Then mark and cut out the 
pins as on the piece A 5 the dovetail openings^ in B, are 
traced from the pins in A. The pieces, having been tried 
and found to go together, are finally brought into contact 
and held in their places with glue. 

Fig. 1G2 is a mitre joint — the only one seiviceable to 
moldings, pipes, and other curved pieces. It is not a 
strong form of joint, and is only used where the preceding 
kinds are iuapplicable. It is made with glue, the pieces 
having been previously sized 5 and as an additional pre- 
caution, if the work will admit, nails, brads, or screws, are 
inserted at right angles to one another. 

In Fig. H is shown a mitre box exceedingly useful as a 
shop fixture, but of course, being made of iron, it is not 
intended to form a part of a journeyman pattern maker's 
kit of tools, but rather from its superiority to dispense 
with the necessity for the same. The saw blade is guided 
8 
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by the rolls shown upon the upright spindles, and leaden 
rolls below regulate the depth to which the saw will cut. 

Fig. n 



and thus preserve the saw teeth from contact with the 
iron frame. 

This mitre box can be used with a back saw or a 
panel saw equally welL If a back saw is used, both 
IitiTtr which connect the rollers, or guides, are leil in the 
upper grooves, and the back of the saw is passed through 
under the Unks. K a panel saw is used, the link which 
connects the rollers on the back spindle is changed to the 
lower groove ; and then the blade of the saw will be stiffly 
supported by both sets of rollers, and be made to serve as 
well as a back saw. 

As an example, to make the pattern for a pillow block, 
as shown in Fig. 1G5. This pattern will be more easily 
molded with the base up \ that is to say, it will lie in the 
sand in the reverse position to what it is drawn in Fig. 165. 
Prints wiQ be required for the bolt holes, square prints for 
the recesses in the block intended to be cored out to receive 
the heads of the cap bolts, round prints on the tops of 
the cheeks, and oval prints on the base. We first plane 
a piece for the base, B B, to the correct size, allowing* 
^ inch to the foot for the contraction of the casting in 
cooling. We next draw center lines upon it on both sides. 
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It mnfit now be observed that a hollow or filleted comer 
appears where the cheeks of the block meet the base ; and 

farther, that the recess 

J^ ^ ^ in the block to receive 

the brasses is drawn to 
a depth coinciding ^ ith 
the height of the hollow 
or Met. It will be 
advisable, therefore, 
^ to prepare a piece of 
n the length from G to G, 
and to shape the ends 
to the oatline of the 
cheeks, and, forming in 
this piece all the fillet, 
the cheeks may next 
be prepared of a thick- 
ness fi^m the line A 
to D. These mnst be strongly fastened, and are best 
mortised dear through the base, and glued fast Two 
semidrcolar pieces must be turned for the portions out- 
side the lines A A, and three-cornered pieces must be 
fitted in the square recess, to make it octagonal as 
required. Nothing now remains but to attach the core 
prints, and make a suitable core box. A half box will 
sufilce for the cap bolt-holes, and a whole one for the 
holes in the base, as the cores for these latter will stand 
on end. To make the cap, we take a piece of timber large 
enough to make that portion of the cap that is above the 
Line ; and we line or mark out the form of the cap on 
both sides (using a center line to make the two sides cor- 
respond), and pare away the surplus wood down to the 
lines. Tbe pieces below the line G are to be afterwards 
glued and nailed on. It is advisable to cut out a recess in 
the top of the cap, as shown in Fig. 166, at A B, to afford 
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convenience to fhe machinist in nsing the wrench ninm 
the nuts. Fig. 167 is a sectional view of a pattern for the 
brasses ; and this pattern requires great care in its making, 
for the following reasons: Brasses of this kind, and of a 
size not larger than is required for a journal about ten 
inches in diameter, can be fitted in much quicker by chip- 
ping and filing than by any other method ; and in any 
event, a great deal of labor and metal can be saved by 
constructing the pattern of the necessary shape. Since, 
however, to give the required shape without the reasons 
theiefoii would not convince the reader of the correctness 




of the method, I will fully explain the two. It has been 
stated in former remarks that brass castings are smaller 
than the patterns from which they are cast, by an amount 
of I inch per foot, which is due to the contraction of the 
metal in cooling. Kow, in addition to this contraction, 
the casting of a brass also contracts across the bore. Sup- 
pose, for example, that, in Fig. 166, A A represents a loco- 
motive axle box, and that B represents the brass for the 
same, the two being shown in section, while represents 
the casting for the brass. Beginning, then, with the cas^ 
ing, G, we have the following considerations : The diameter 
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of the brass aci'oss D will be less than it should be, because 
such castings always close in that direction more than is 
due to the contraction in oooliug. As a consequence of 
this, the top of the bevels, as denoted by the dotted line, 
E, becomes less than it should be ^ and when the brass is 
fitted on the sides, and let down in the box ready to lit on 
the crown and on the bevels, the bottom of the brass will 
bed, and the bevels will not, as shown in the illustration. 
Now supposing the angles to be at the top ^ of an inch 
from the bevels of the box, tiien it will require about | of an 
inch to be taken off the bottom of the brass to let the sides 
come to a fit; whereas if, when the bevels of the brass 
contact with the bevels of the box, the bottom of the brass 
were | inch from the bottom of the box, ^^ inch taken off 
the bevels would let the bottom come home. It is theti 
easy to see that the pattern maker should make the pat- 
tern so as to allow for the shrinkage across D, and at the 
same time insure that the bevels of the brass shall contact 
with the box before the bottom does. Then, by the time 
that the machinist has taken sufficient off the bevels of 
the brass to fit them to thebeyels of the box, the crown 
will come home ; and the best way to insure this is to 
make the bevels of the brass of the same shape as those 
in the box, and then take a certain amount off the crown 
face of the brass (6, in Fig. 160). What this amount 
should be, depends upon the angle of the bevels. For bevels 
of 450 the proportions should be, for brasses of two and 
less inches bore, a full ^ inch ; for brasses having a bore 
of from two to four inches, ^ inch will answer; while, if 
the bore is from four to seven inches diameter, j- inch will 
be a good proportion. If, however, the bevel is greater, 
these proportions may be increased. This is an important 
matter, and should never be overlooked or neglected, since 
it reduces the labor of fitting the brasses by at least one 
halt 



Digitized by LjOOQIC 



174 PATTERN maker's ASSISTANT. 

The method to be pursued to make the pattern for the 
braRs, is as follows : Take a piece of wood of sufficient size 
to form the body of the brass, and make it of the necessary 
size and form, observing the direction above given as to 
the bevels ; and make the flanges by turning the two halves 
in one, as explained in a previous example, omitting to 
turn out the inside, as this would eflect no saving, and 
such boring would weaken the flange, and render it liable 
to split in attaching it to the body of the pattern. To 
fasten the flanges, glue them on; and when dry insert 
brads, setting the flanges by lines. Then pare out the 
flange even with the bore of the brass. In many cases 
brasses are dispensed with, and Babbitt metal is employed 
in their stead* The requisite form of casting for this pur- 
pose is shown in Fig. 167, the Babbitt metal being con- 



tained within the thin ridges which extend all around the 
edges of the half circular bearing. In addition to this, 
however, the machinist sometimes drills small holes in the 
cavity for the Babbitt metal. The ridges are cast soh'd 
with the box, and the two at the end (D and E, in Fig. 167) 
make no difference to the molding, smce they will leave 
the sand readily and easily. But the ridges or strips tiiat 
extend lengthwise of the bearing, must be made detachable 
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ficom the pattern^ the strips referred to being held in posi- 
tion by the dovetails shown at C. The recesses to receive 
the dovetails are first cut out^ and the dovetails are made 
to a neat fit therein. Then we take the strips required to 
form the ridgeS; and having just spotted the faces of the 
dovetails with glue, while they are in their places, we press 
the strips against them for a moment, and adjust the strips 
and leave them in position for the glue to dry. By this 
means the dovetails are fastened to the strips exactly in' 
the required position. When dry, the strips with the at- 
tached dovetails may be withdrawn from the pattern, and 
should then be more securely fastened together by the addi- 
ti(Hi of screws or nails. In many cases, wires are employed 
in place of the dovetails ; they being inserted, as shown 
in Fig. 167, at F j and when they are used, it becomes a 
consideration whether the molder can conveniently extract 
them. If he can, they are preferable to the dovetails, as 
these latter are sometunes apt to stick. 

Bearings of this class (Babbitt metal) are often formed 
in the framework of a machine, or in other patterns that 
do not permit of being molded in the direction suitable for 
the above example. Fig. 168 represents such an example, 
which requires to be molded 
in the direction denoted by 
the arrow. It will be advis- 
able to core out the whole 
space for the cap and bear- i 
ing, the core box in this case T 
being fitted with the strips i 
in a manner similar to that 
above described for the 
Babbitted pUlow block. The 
pattern in this case is made 

as shown in Fig. 169, the space for the bearing beiug 
blocked up, and the block extending through, as shown 
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at A, to form a core print. The core box shown b^ieatb 

may be, in the smaller sizes, cut out of the solid wood, the 

part B being made thick, 
because it includes the thick- 
ness of the ridge on that end, 
and also the depth of the 
print, as shown at A. The 
reason that the block or core 
print protrudes at C, is, that 
a ridge may be formed in 
the mold to steady the core 
while inserting it in the 
mold 'j and the depth of the 
core box, at E, must be made 
to suit it. It will be noted 
that the core prints, at F F, 
are carried to the top of the 
pattern 5 and it will be readily 
perceived that they must be 
so made in order that the 
pattern may lift from the 
sand. Then, after the mold 
is made, the core for the hole 

is first inserted, and then a small core is fitted into the 

recess in the mold ; and tlius 

is the top part of the recess 

(above the core print) stopped 

off. The circles marked on 

the feces of the prints, F, are 

to be painted on the pattern 

in black varnish, and their 

purpose is to denote that the 

core proper is round. If these 

black circles were not made, 

ihe pattern maker would 



j?!£^jra. 
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reqnire to make a similar circle and cross marks with 
chalk or pencil, that the molder may know how the core 
is to be leit 

Fig. 170 is a representation of a pattern for a slide ; it 
has the projections simply set on with pegs, to prevent 
the pattern being locked in the sand. In molding this 
piece, a false core is laid between these projections. After 
the cope is lifted, the plate A may be taken out ; and 
after removing the false corCi the pieces ii B can be 
withdrawn. 

8* 
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EXAMPLES m COLTTMN PATTERNS. 

Our next example shall be for a square or rectangular 
column, which, though very simple in constaiction, yet 
necessitates a departure from the ordinary method pur- 
' sued in pattern making — ^the object being to save the 
making of an entirely new pattern for every required 
column. In view of the thousands of columns of this kind 
that have been cast, it is not to be wondered at that 
measures have been taken to cheapen the cost of the 
pattern, and lessen the labor in preparing the mold; 
but it is to be remarked that no one has been able to 
invent a permanent mold for this class of work. In cas.t 
iron columns, the strict rules of architecture are not 
rigidly tbllo wed. The shght but graceful curve prescribed 
for every column and pilaster is frequently neglected, and 
various parts of tlie column are modified in their contour — 
to their detriment, as may be easily seen by comparing 
the details of a stone building with those of an iron one. 

Square iron columns are usually made parallel through- 
out their lengths ; while, on the end view, two of the 
sides iucUne towards one another, on account of the draft 
or taper given to the pattern. Round column patterns 
are not made parallel, but are smaller at the cap than at 
the base. The curve above mentioned is given to the 
shaft ; but as the pattern is made to serve for all lengths 
of columns of that diameter, the curve can only, in most 
cases, be an approxin^tation. In foundries that make a 
specialty of this class of work, numbers of blocks of 
various sizes and lengths are kept, and they simply require 
the addition of such ornaments as the design compriseS| 
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which ornaments— snch as moldings, flutings, and the 
like— are often ready to hand, to complete the column pat- 
tern. These blocks are, for JEur>I!^» 
small colomns, made solid ; •^ 
but for large columns they 
are constructed like boxes or 
troughs, with pieces filled m at 
short distances to give strength. 
(See Fig. 172.) Fig. 171 is a 
perspective view of a block, 
mounted with moldings and 
other ^ ornamentation, so as to 
form a column pattern ready 
to go into the sand. The 
base, B, and its moldings, a 
and &, are to be cast solid 
with the shaft of the column; 
this, however — as may be 
inferred fix)m what has been 
said — is not compulsory. It 
will be seen that the base 
forms a guide for the stop- 
ping-off blocks, A A, at that 
end; at the other end of the 
column the guides, 0, are 
attached. The distance be- 
tween the stopping-off blocks, 
A A, is of course the. length 
of the column, ;glu% shrinkage 
and jglus the amount left for I 
cutting off to square up the 
ends of the cast column. The 
wires shown are for the pur- 
pose of holding the ornaments _ 
in position upon the block. The ornaments on the fi»ce 



Digitized by LjOOQIC 



180 PATTERN maker's ASSISTANT. 

are held by loose pegs^ except the cabhng, D^ and the 
paneling, E, which are made &8t on the fEice by nails or 
screws. 

Let it be required to prepare a pattern for a column 

12 feet long, of 12 inches face, and 14 inches deep, to be 

of the style shown in Fig. 171. Select a block similar 

to that shown in Fig. 172, in which the top piece is 

shown removed, so that the distance pieces may be seen. 

j^. ' ^^^ We will suppose our column 

^ to require mounting on 

the face and one side; 

then \ inch or f inch will 

1 be taken up on the face and 

side by the margins, E, 

which form, with their 

moldings, the paneling: 

therefore, if \ inch margins are used, the block should 

measure 11^ by 13^ inches, and \ less if f margins are 

employed. The length of the block is immaterial, so that 

it be not less than 20 inches longer than the column. This 

excess is for core prints at the ends of the pattern. Lay 

off upon the block the length of the column pattern ; this 

will be 12 feet + |^ inch for shrinkage + i or ^ inch at 

each end for squaring up. Space oft* upon the block the 

position of the various members, and J^JSS. 



apply them as directed. It must be 
noted that the moldings and base 
pieces on the face overrun those^upon 
the side, and also extend according to 
their contour over the side that is not 
mounted (see Figs. 171 and 173). 
The reason of this is that by removing 

these face moldings and base pieces, 

except the cabling and paneling (which are &st), the 
molder can make a bevel parting. When the parting 
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is made, the pieces are then replaced, and will be taken 
np again by the cope. A. rectangular column is invari- 
ably molded with the face up, because of the facility 
such a position gives for supporting ibe main core by 
means of the cores which make the openings always 
formed at the back of these columns. 

For stopping oflf the cokunn to the right lengthy we 
simply prepare four pieces, as shown at A, Fig. 171, of a 
length equal to the depth of the column at the ends, not 
including the base piece, as that will be stopped oflf in 
the cope. In ramming up the column, when in the sand, 
these pieces are bedded in, in the position shown. Some 
provision is necessary to prevent them fix)m beuig ram- 
med out of the perpendicular. This is provided in tliis case 
by the base pieces, B ; but at the other end of the column 
temporary strips are braddedto the block, as shown at C. 
To find the place for these guiding strips, add U> the 
length of the column pattern the thickness of the stopping- 
off piece, square a line at this point down each side of the 
block, and naU on the guides outside this line, but with 
one edge touching it. Columns are often cast without 
bases or caps — ^these latter being cast thin, and attached 
by screws after the columns are set up. 

The ornamentation of columns is varied constantly, de- 
pending upon the taste of individuals ; therefore, it is im- 
possible to lay down precise directions in this matter. It 
is thought, however, that the above remarks will be of 
service ; and I may add that, in place of cabling, fluting is 
often employed. This is never to be cut out of the block, 
but formed in extra pieces. The cabling on the side is 
made by £afitening the strips to a piece ^ .fXyJ!^ 
of board, and this is attached to the iAY(f^...JTi...fft,, mLft K„ 
block by wires. Kg. 174 shows this H^^^^^"^^^^^^^ 
arrangement. Baked or dry sand is not used for the 
main core of square columns, and we proceed to describe 
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the method of making tlie green sand core now invariibly 
adopted. Fig. 175 shows a soirt of universal core bore^ em- 
ployed for making these cores. A is a cast iron plate, 
laid upon the floor of the foundry, generally in dose prox- 
Wity to the mold ; upon this are set up two stout boards, 
B, about two inches thick. These boards are adjustable, 
so as to take in any breadth of face, by the brackets, D, 
moving along slots in the plate. Nipping screws in the 
brackets admit of the boards being pressed together on 
ttie end pieces, which must be changed for every width of 



column i the height of the core is regulated by means of 
the strike, E. On account of the exceedingly fragile na- 
ture of a green sand core, it is necessary to imbed within it 
a strong bar of cast iron, called a core bar, such as is re- 
l)resented at F, Fig. 175. It consists of a strong center bar 
with pieces cast solid with it, ranged on each side, called 
wings ; the bar itself is made to taper off to a narrow 
-ridge towards the under part, as also are the wings which' 
Itaper at the edges. The sand, being rammed between 
'ttiese wings, 19 able not onlj to sustpiu itself^ but also a 
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small portion extending beyond them — namely, to the 
wrrect outline of the core. The bar is generally from half 
an inch to one inch smaller than the core, as will be seen 
in the sectional end view, Fig. 177. A notch is cut out of 



FMm, 




each wing, to admit of the insertion of a perforated tube 
on each side, for ventilation. The core bar, F, and the 
perforated tubes, G 6, are shown in Fig. 175, imbedded 
in the core. 

As there are not any core prints required to fonn the 
openings at the back of the column, the cores for these 
openings are made in a box not tliicker than the intended 
thickness of metal in the column. Such a box is 
shown in Fig. 178 ; though for the sake of cheapness, when 
the columns are not more than half an inch thid^ the 
core box is sawn out of one pieoe. 



FJ^ITJ. 




Fig. 179 is an end view of the core box, with core, 
shown in Fig. 175, but with the addition of the wooden 
binder, which serves to assist the brackets in holding the 
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fiideS; B, of the core box together, which is necesaaiy 
when the core box is very deep. 

Bound columns are either plain, fluted, or of a mixed 
design, to agree with the square columnB in the same 
building. Fig. 180 represents a plain round column; but 
it must be remembered that, even though the shaft be 
plain, the design of the base and cap may be modified 
according to taste. In the case of so simple a one as we 
have illustrated, it would probably be cast solid, as repre- 
sented ; though if of very large size-— as those in the crypts 
of churches, perhaps 18 inches in diameter — a great deal 
of metal would be saved by simply casting a plain round 
shaft with the moldings, N and O, upon it, and of a 
length measured from the lower part of the base to the 
top of the cap. This casting takes the weight of the 
building. The base, B, with its molding, B M, and the 
cap, C, with its molding, M, are thin castings fixed to 
the column by screws. P P are the core prints. Little 
need be said as to the method of preparing a pattern of 
this description. If small, it will be turned from the solid 
wood ; and if large, it will be lagged or staved up, as we 
have described in examples of lagging and staving. In 
any case, the pattern must be made in halves. Some 
foundries require a half core box ; while in others, the core 
is struck up in the manner described on pages 89, 90. ' 

We may now pass to the consideration of the fluted 
column, shown in Fig. 181. D is a plan of the peculiar 
cap required for this kind of column ; it is neither square 
nor round, but of a shape which harmonizes beautifully 
with the carved work below, all of which, including the 
cap, is added afterwards, the column being cast a plain 
round above the member marked N, and also below that 
marked O. The extension. A, is the part which passes 
between the joists of the flooring ; it is often flattened to 
admit of this, as shown at 0, Fig. 182. B is a section of 
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the column through the fluted part It is :!^- doaght 
necessary to show the piints, as the;, .*uuia oe sunilar 
to those shown in Fig. 180, the lower one being flattened 
if the extension A were required. 

We have now arrived at the most important part of this • 
branch of our subject, and that is, how to make the fluted 
pattern column so that it may be extracted with facility 
from the mold ; for, by referring to Fig. 181, it will be 
seen that the rammed sand, by entering the flutes, would 
lock the pattern down, unless this difficulty were provided 
for. To overcome this difficulty, we refer the reader to 
Figs. 183, 184, 185. Fig. 183 is a sectional view of a col- 
umn, turned extra large at the part intended to be fluted, 
so as to form a plain core print all around the column. 
A convenient number — divisible by 3 or 4 — of flutes must 
be taken ; we have taken 12 flutes in the half column. A 
suitable core box must be constructed with, say, four 
flutes; these cores, when packed around the mold, will 
core out the flutes in the column. This sielliOd is only 
given because there may be special cases where it would 
be most suitable ; but it is not that generally adopted. 




In Fig. 184, each half of the column is formed of three 
pieces, which are held together by taper dovetails; in 
this case the middle piece is first drawn from the mold and 
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then the side pieces. This method will accommodate any 
even number of flutes, and is quite practicable ; the ob- 
jection to it, however, is, that the dovetails are hable to 
stick, and also that, when the middle piece is drawn out, 
the side pieces sometimes fall into the mold, to its irre- 
trievable injury. 

Fig. 185 represents the arrangement in most general 
use. It is not nearly so expensive as that shown in Fig. 
183, nor is it open to the objections mentioned in connec- 
tion with Fig. 184. The three pieces marked S are the 
main staves of the column pattern, but the number is not 
arbitrary. We may take four or any other number, 
depending on the size of the column ; it is advisable, how- 
ever, to have as few pieces as poesible. What we have to 
do is to notice the direction taken by the pieces as they 
are drawn out, and if it appears that the flutes do not 
escape properly, then a larger number of divisions must 
be made. The pieces marked / are the supplementary 
staves in which the flutes are JCur-^SS. 

cut 5 they are attached to the 
inner staves by screws, which 
are removed by the molder, 
who is then able to extract 
the pattern. The side pieces, A 
f f, are then drawn out, and 
lastly the lower pieces, the 
process being, it will be no- . 
ticed, the reverse of that 
shown in Fig. 183. In each 

case, the line A B is the parting line of the pattern, 
which must always occur in the middle of a ridge and not 
in a flute. The flutes should be cut out to a half circle, 
and eased off slightly towards the ridges with sand paper. 
They must not be in the least undercut, because of the 
d'^t in the mold. The pattern should be made as 
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smooth as possible by alteniately sand-papering and var- 
iiishing; using well worn sand-paper to insure smoothness. 
J^WJSff In Fig. ISO are shown what 

^ * are called bastard flutes. 

Their use gives a cheap but 
not beautiful style^ and they 
are sometimes employed on 
lamp posts and columns in 
the cheaper class of tene- 
ment houses. The flutes, it 
will be noted, are made 
shallow and of a shape to 
permit the whole half pat- 
tern to be removed from the sand. The flutes are cut out 
of the solid, the front ones being the deepest, and the side 
ones so shallow that many of them are scarcely distin- 
guishable. 

In columns whose designs are of a mixed character, the 
methods , illustrated for fluting are equally suitable for 
cabling, as shown in Fig. 185, where the cabling is 
shown in dotted lines; while rosettes, rope moldings, and 
the like, are either attached by wires, as shown in the 
illustration of square columns, or they must be cast sepa- 
rately and afterwards affixed by screws, as are many 
other ornaments whose shapes preclude their being molded 
solid with the columns. 
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EXAHPLES m THIN WORE. 

In fhe examples we have hitherto presented to the 
reader, we have supposed the pattern to be of such sub- 
stance or thickness, as to be able to bear the pressure of 
the sand being rammed about it in molding, without 
breaking or altering its form ; but this is not always the 
case. The parts of a stove, for instance, are cast often less 
than |- inch in thickness; the same may be said of most 
of the ornamental ironwork used in architecturei and even 



cornices and window sills range only about -^ (h* )• inch 
thick. It is true that for this kind of work metal patterns 
are almost invariably used ; but for the pattern maker 
this is indiflferent, as wood patterns have to be made from 
which the metal patterns are to be cast Take, for exam- 
ple, the window sill, shown in section in Fig. 187. To en- 
able it to withstand the pressure of the sand, whDe ram- 
ming, we must M the interior with a form or block, 
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shown at F, which is to be used in conjunction with the 
board B. Thi»fonn and board are no less useful to the 
pattern maker than to the molder; for let the form be 
once obtained of the proper size and shape, and the con- 
struction of the pattern is so far simplified as to be merely 
a covering of this form with wood slightly thinner than 
the required thickness of metal. Most thin work is made 
in this manner, especially if the patterns are of such size or 
shape as to need the joining together of many pieces. It 
is not the pattern itself that demands our first attention, 
but rather the form that supports it. 

Thin work demands great care and patience, on account 
of its firagile nature. Scarcely any hold can be obtained 
for naUs ; and though the best glue is used, it 'cannot 
always be relied upon. Dovetails for square comers, if 
they are end wood to end wood, will be found very superior 
to glued joints. Furthermore, as few joints should be made 
as possible, and the pattern should be well protected by 
several coats of varnish. In working out thin moldings — 
as for instance, the portion of the sill from o to 6, which 
should be of one piece— we plane up a piece of a suitable 
width and thickness, and trace the outline of the molding 

upon each end of the piece ; 
then, as it lies flat upon the 
bench, we work out on one 
side to the lines which will fit 
the form, as in Fig. 188, and 
then, by temporarily fastening 
the piece tx) the form, F, to 
give it proper support, we are enabled to work out the 
opposite side to the required shape. In working out thin 
moldings, a circular saw with an adjustable table will be 
of great assistance, as by its means we may make a series 
of saw cuts so close together as practically to take out half 
the stuffy and form an excellent guide for cutting away 
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the other half (see TSig. 188). The part from a to c^ Eig. 
187, should not be formed by gluing thin stuff together 
at the obtuse angle, but should be of one piece. Fig. 189 
is a section of a cornice lying upon its bed or follower 
board, B ^ it may be made of one piece^ as in the pre- 
vious example. 




-F]i^.im 



In molding work of this kind, the procedure is as fol- 
lows : The board, B, with the form and pattern, is placed 
upon a level bed of sand, so that it may not wind or twist 
under the weight that is to be put upon it, which will con- 
sist of the nowel rammed full of sand. The board and 
nowel are fastened together by clamps, and, the ramming 
finished, the whole is turned over^ the board and form 
are then removed. There is no longer any necessity for 
the support of the latter, as 
the sand, having been once 
rammed, does not press 
upon the pattern to its injury, 
but keeps its position, and 
becomes a good and suf&- 
cient support to it during 
the ramming up of the cope, 
which is now placed in posi- 
tion, and the molding con- 
tinued in the usual manner. 
Instead of the form, F, which fills the interior of the pat- 
tern, we may provide a strong enveloping form, as shown 
in Fig. 190 ; the difference is that the reverse side of the 
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casting will be appermoBt as compared with the other 
case. Theformmostfitthatsideofthepattem which we 
wish to come next the cope. Forms of aniiregolar or difB- 
colt shape are often advantageously made by sunply pour- 
ing plaster of Paris into the patterns for which they are 
intended. A great deal of thin work is formed by dry sand 
coring, often from necessity ; but when practicable, the dry 
sand core is discarded, and the pattern made to leave its 
own core. This insures greater accuracy, is cheaper, and 
causes the interior surfkce of the casting to be the same as 
the exterior. When dry sand cores are employed, there ia 
no difference between thin work and thick, and therefore 
the methods described in former pages are a suffident ex- 
planation of the process. 
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SWEEP AND LOAM WORK. 

The above title applies to a class of work, generally of 
large size, in which boards or sweeps, fixed to a revolving 
spindle, serve instead of patterns to form the molds. This 
arrangement, of course, will only produce circular molds ,• 
patterns may, however, be used in conjunction with the 
sweeps, as we shall endeavor to illustrate further on. The 
spindle above named is a light vertical shaft, revolving in 
a step below and a bearing overhead ; when a part of a 
mold has been swept up, the spindle can be raised out of 
the step sufficiently to enable the work to be removed and 
preparations for the next piece substituted. 

Let it be required to produce a cast- JEUff^JSl^ 
ing, such as is shown in Fig. 191 — a 
sort of pan or boiler, often used. Fig. 
194 is a sectional view of the mold 
complete. It is formed of two parts, 
the lower being called the " seat,'' and 
the upper the " cope.'' Figs. 192 and 
193 illustrate the method of forming 
each of those parts. The material 
used by the founder is called loam — a 
clayey, plastic composition, very soft. 
After a certain quantity of this mate- 
rial has been piled up, the sweep is 
revolved; it shears down the high 
places and indicates the holes or hollo\>'s. Into the latter 
more material is placed, and the sweep is passed round 
again ; and so on until the job is perfected. It will be 
noticed in Fig. 194, that the two parts of the mold are 
retained in their proper position by a projection on one . 
9 
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fitting into a recess in the otlier j *tliis is the seat proper, 
and is indicated throughout by S S. The pattern maker^s 



part is to form the sweeps, which he does in the following 
manner : On a piece of board of the proper tliickness for 
a sweep — ^the size of which depends ou the size of the 
work — ^he draws an outline of the job, interior and exterior, 
from the center outwards ; and beyond this he lays off his 
seat, as shown at Fig. 193 — the dotted hues representing 
the interior of the piece. He has then simply to cut away 
to the interior line, and also the step at S, and one board 
is finished, unless he knows the diameter of the spindle 
and the position of the holes in the carrying bracket 
attached thereto ; in which case he is supposed to cut off, 
parallel with the center hue, a portion equal to the radius 
of the spindle, as a recess for the hub of the bracket, B, 
and to bore the holes for the bolts. The board. Fig. 192, 
when reversed, should fit that in Fig. 193 at the lower 
part, and be of a shape to coincide with the dotted line. 
Its length must be enough to extend to the center, mintis 
the radius of the spindle, as shown in Fig. 192. 
It will be seen by the lines showing the gr<iin of the 
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wootl that the board iu Fig. 192 is formed of two pie<5es, 
lapi)ed at the corner, to give strength j and, to avoid too 



much cross grain, battens may be added when it is 
thought necessary. As I have already remarked, in 



striking up cores with a horizontal spindle, the working 
edge of the board should be beveled ; and it is hardly 
nec^ssarj' to say that the same is applicable in this case. 



Digitized by LjOOQIC 



196 PATTERN MAKEB'S ASSISTANT. 

r P, Fig. 192, is a circular jdate of cast ii-on, used to sup- 
port the mold while soft ; it is not shown in Fig. 193. By 



the same method, only varying the outline of the sweeps, 
a large class of circular work may be produced, including 
vases, speed cones, etc. Sometimes it is necessary to cast 
brackets, pipes, or other projections, upon the main piece ; 
to do thiS; patterns must be made of those projections; and 
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OS many patterns as there are projections. The height at 
which it is required to bed in these brackets, etc., must be 
indicated to the molder by a small Y, cut into the sweep ; 
this will produce, as the sweep revolves, a line upon the 
mold. For the rest, unless simple directions can be given, 
the pattern maker usually visits the foundry, and assists 
iu placing, or at least in verifying, the position of the 
pieces. When the mold is sufficiently hard, and before it 
is baked, these patterns are withdrawn. 

A good illustration of the manner in which pattern 
work may be used in conjunction with sweeps, is furnishetl 
in the ordinary engine cyhnder. Fig. 195 is a sectional 
elevation of a complete mold ; Fig. 196 is a horizontal sec- 
tion of the same, on the line A B showing the outlet for 
the exhaust steam. This mold is composed of four parts 
that are swept or struck up — ^namely, S S, the seat; A B, 
the body; 0, the cope, and M, the main core. The latter 
may be struck upon a horizontal arbor, or formed in a box 
In addition to the parts ^ jofi 

above enumerated are the ^' 

two steam port cores and 
the exhaust port core, all 
formed in core boxes. The 
procedure is as follows: "^^^' 
With a board, shown in Fig. 
197, the seat S S is struck 
up ; upon this, when dried, 
is placed a flange of wood. 
It is set centrally ; the seat 
is also careftdly beveled and 
set by the spindle. A pat- 
tern of the slide face, with 
the parts in which the steam 

and exhaust passages occur, is set in position on this 
flange ; the top flange of wood is now added, and tem- 
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porarily fixed to the slide face pattern, and shored np on 
the opposite side, so as to maintain it true and level. With 
the board, Fig. 198, is formed the body A B ; the shape of 
the exterior of the mold is not important ; it is left rough, 
but some mark must be made so as to be able, after remov- 
ing it from the seat, to restore it to the position as before. 
When the body has dried sufficiently, the pattern flanges 
and slide face are withdrawn, the body being lifted from 
the seat for this purpose by means of bolts passing 
through it, and terminating in a cast annular plate at the 
bottom. The projecting flanges on the slide face are at- 
tached by wires and dovetails ; otherwise the piece would 
be locked in the mold. The side print for the exhaust port 
is attached also by a loose wire. Fig. 199 is a board for 
sweeping up the cope, 0. The whole of these boards 
are represented as carried to the center of the spindle j 
allowance must, therefore, be made for the spindle and 
bracket. For very large cylinders, wood flanges are not 
used, the sweeps being made to a shape to perform the 
whole of the work. 
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GEAB WHEELS AND WORM SCBEW. 

We now approach a class of work in which the fullest 
amount of care and attention on the part of the pattern 
maker, for the attainment of accuracy, is exceedingly de- 
sirable. Patterns for wheel work, clumsily constructed, 
may be positively worthless, or may at least give rise to 
great loss of time in the fitting shop, in correcting the de- 
fects in the castings taken from them. It is not our pur- 
pose to enter into the various methods of arriving at the 
proper form or curvature that is to be given to the teeth, 
as that is a subject quite extensive, and a study in itself. 
What more particularly concerns us, is the general con- 
sti'uction of the patterns from designs furnished. 

Gear wheels are of two kinds, spur and bevel; the for- 
mer for transmitting motion when the shafts are parallel, 
and the latter to be used when the shafts are inclined to 
each other. When the teeth of a bevel wheel are inclined 
at an angle of 45° with the axis, that wheel is called a 
miter. Skew bevels are wheels suitable for shafts that are 

m 

inclined to each other, and are not in the same plane. 
Pinion is a distinctive term, applied to the smaller of a 
pair of gear wheels, when there is a great disparity between 
them ; or it may mean, generally a small gear wheel. 

Fig. 200 is a plan and section of the pattern of a spur 
wheel and pinion, such as is usually supplied to workmen. 
The plan exhibits the form of the teeth and pitch, witb the 
size and number of arms. The sectional view shows the 
breadth of face, depth of hub, and ribs on the arms. In 
the construction of gear wheel and pinion patterns, the 
particular method to be adopted, as also the material to 
be osed^ will depend upon size and the service expected to 
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be got out of the patterns. Mahogany^ dry and strdaght 
grained, is an excellent material for wheel patterns ; bat 
for large work it is too costly. In some cases the teeth 
are worked in mahogany and fixed to a pine body ; in the 
majority of cases, however, pine is the only material used. 
The pinion may be carved out of one piece, or it may Lave 
the teeth attached to a hub ; and it' the latter, then the 
teeth may be held by dovetails, or they may be simply 
glued or nailed. K the pinion is so deep in proportion to 
its diameter as to be strong enough, and not more than 5 or 
6 inches diameter over all, it may be cut from the solid. 
In this case, the grain of the wood must lie in the direction 
of the teeth. For turning the piece we must use a chuck 
or face plate, smaller than the pinion is at the bottom of 
the spaces, so as to be able to trace circles on both sides 
by the motion of the lathe ; if such a face plate is not at 
our disposal, we may bore a hole in the piece to be turned, 
and Ht to it an arbor of hard wood. Having turned the 
pattern, trace upon it very fine circles to indicate the pitch 
line, the line for the roots of the teeth, and (if required) 
circles for the centers used in tracing certain peculiar forms 
of teeth. All these circles are to be traced on both sides 
of the pattern, and draft is to be allowed by making the 
circle for the roots of the^eth a little smaller on one side 
than on the other, and also by turning the piece slightly 
taper. The pinion is now to be pitched out, on one side, 
very accurately ; this is sometimes a matter of no small 
difficulty, for, having passed round with the compasses a 
few times, the points are liable to slide into previous im- 
I)ressions, giving rise to error. For this reason the pattern 
maker does not allow the points of his compasses to fall 
where he intends the center of the teeth to be, until he has 
obtained the correct division, which is known by the com-* 
pass point, after having made the tour of the circle, falling 
exactly into the starting point. He now proceeds to 
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lay down fhe centers of fhe teeth, and to delineate their 
size and form; then, by squaring across the face, the 
points of the t^eeth are transferred to the other side ; the 




teeth are then outlined on that side, and the intervening 
spaces cut away exactly to the lines. 
9* 
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For a large-sized pinion, the usual lyiethod is to build np 
a hub or body with quadrants, breaking joint at each 
course or layer ; the body is then turned, and the circum- 
ference pitched off to the required number of teeth. Blocks 
of hard or soft wood, planed nearly to the size of the teeth 
and hollowed on the side that goes next the body, are to be 
glued on and set to the lines made on the surface of the 
body when it was pitched off (see tooth marked A, Fig. 
200). When the glue has properly set, the whole is re- 
X)lacod in the lathe and turned off, the same as for a solid 
pinion; the lining-in will also be a repetition of the process 
abov^e explained. Another method is to fix the teeth on 
dovetails, as at 6, Fig. 200; but as this is very seldom 
adopted for spur pinions, it will be more in place to de- 
scribe it when dealing with bevel gear. 

We now proceed to the construction of the wheel which, 
in our. illustration, has six spokes or arms, marked S ; the 
rim, R, must of course be built up in segments; and when 
we have reached to the height of the top of the flat arms, 
we should turn the inside to the finished size, and cut in 
the arms, as shown in Fig. 200, the rest of the building 
can then be proceeded with. To avoid here useless repe- 
tition as to the details observed in building or in preparing 
the arms, the reader is referred to Figs. 132, 133, 134 and 
135. Having turned the body of the wheel, both inside 
and out, we proceed to attach, on each side of the arms, a 
hub, so as to form the whole hub, as in Fig. 200 ; the ribs, 
C, are then fitted, and lastly we complete the body by fillet- 
ing the comers. For 
the teeth there is but 
one method that is 
usually adopted, and 
that is to form them 
in a box as follows : 
Plane a piece of hard wood^ as in Fig. 201, some five or 
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six inches longer than the teeth, and about three inches 
wider ^ the thickness is not to be less than that of the tooth 
at its thickest part The ends of this piece must also be 
planed ; from the edge, 6 G, gage the line, A D, the re- 
quired depth of tooth. Lay oflf, 75^/7. yP/^ ^ 
about in the center of the piece, ^' "^^.^^ 
the distance B 0, equal to j£><^^^^^^^^ 

breadth of fetce of the wheel, and q, ^^'v-'^^- — « 

make two saw cuts, 6 A and G 21 
D. Let this piece be now let in- %J 
to a piece of planed board, Fig. 
202, which is an inch or so longer 
than the radius of the wheel at 
the tops of the teeth. This piece 
is to fit tightly into the mortise, 
which is made equally on each 
side of a center line on the board. 
Take now in a trammel the radius 
of the wheel at the top of the 
teeth, and mark off, from the 
outer edge of the hard wood box, 
the distance E F on the center 
line of the board. The point F 
represents the center of the 
wheeL Take the radius of the 
wheel at the pitch line, and also 
at the roots and points of the 
teeth; and with these distances 
describe the arcs G G, H I, J K, 
and such other arcs as may be 
necessary, on which to take the 
centers for describing the correct 
form of the tooth. Complete the 
delineation of three teeth, or at 



least the center one| which will be upou the h^ wqq4 bo:^; 
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reyerse now this box, and draw the ontlme of the tooQi 
upon the other end of it ; remove the piece from the mor- 
tise, and plane off to the shape of the tooth as drawn ; re- 
move the portion B A D 0, Fig. 201, and the box is ready 
for shaping teeth in. Such teeth daring the process are 
held by the screw shown. 

Select for the teeth, lumber very straight in the gram, 
and rip off a number of strips about two or two and a half 
feet long, of a width and thickness (when planed) slightly 
fuller than the required teeth, and hollow one edge to fit 
the curvature of the rim of the wheeL Saw the strips into 
pieces a trifle longer than the teeth, and plane the ends 
so that, when finished, the length of the pieces is exactly 
equal to the breadth of the rim. This latter process is most 
rapidly performed by placing some eight or ten side by 
side in a frame, and, if necessary, tightening them by a 
wedge and nipping in the vise (see Fig. 203). The frame 
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must be equal in width to the length it is required to 
make the pieces, and care must be taken not to dimin- 
ish this width, as is sometimes done. In planing a num- 
ber of teeth, it perhaps is as well to black-lead the frame 
where it is apt to be planed j this toU at least show when 
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damage has been done. The blocks are now severally 
shaped to the proper contour in the box^ Fig. 201, particu- 
lar attention being paid not to shave away the box in 
shaping the teeth ; for this reason it is well to have an ex- 
tra plane, very finely set, to finish with. The rim of the 
wheel having been divided according to the number of teeth 
required, and lines squared across its &ce at a, Fig. 204, the 
finished teeth are glued on exactly to the lines. Only a 
few spots of glue should be applied, 
so that little or none may exude and 
hide the line that we pose the teeth 
by ; when the glue has perfectly set, 
the teeth should be additionally se- 
cured by nails. If the above pro- 
cesses are followed up with proper 
care, the teeth will all be found 
evenly set around the wheel ; never- 
theless, it is only right to verify 
their position with a pair of calipers, 
while the glue is yet soft 
. Very large wheels, or even those 
of moderate size, when difficulties of 
transportation are anticipated, are 
made by bolting together a number 
of sections. A section usually con- 
sists of an arm and two equal por- 
tions of the rim, one on each side of 
it, 80 as to have a joint midway be- 
tween each pair of arms. However 
this may be, one thing must be strict- 
ly observed, namely, to have the 

joints always in the center of spaces ; 

therefore it is sometimes necessary 

to employ unequal segments or sections, in which case the 

pattern is made to the longer segmeut ^ and when these 
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are cast, the flange is moved to snit the shorter one, and 
the superfluous teeth are stopped oflF in the sand. This 
saves cutting the pattern, wliich remains good for other 
wheels, when required. The extremities of the arms, 
which are to be screwed to the hub, are provided with 
flanges for this purpose, the hub being flattened to 
accommodate them. A great deal of nicety is required 
in constructing wheels on this principle, as the spaces 
between the teeth nt the joints must be neither wider nor 
narrower than at other parts. 



BEVEL WHEELS. 

" Ho who can make a good bevel wheel is a good pat- 
tern maker.'' That was once the saying j but the system 
that divides a trade into specialties is now growing to be 
the general custom, and it has robbed the expression of 
half its truth, for there are many good pattern makers 
who have been engaged all their lives in specialties re- 
mote from bevel wheel making. We give the saying, 
however, merely to show the importance that has always 
been attached to work of this kind, not undeservedly. A 
pair of bevel wheel patterns, fresh from the workman's 
hand, especially if of mahogany and nicely varnished, 
excite general admiration. It is a job easy enough to do ; 
but you must know the way : that way is what I shall en- 
deavor to elucidate. 

Fig. 205 is a sectional elevation and plan of a bevel 
pinion ; the construction of the body does not differ mate- 
rially from that of a spur. We may commence building up, 
if the pinion is of such size as to require building, from the 
;small side, AB, for the reason that it is desirable and cod- 
•venient to turn the part, where the teeth are to be, last, 
iwhen the building is completed ; or if it is a solid piece, 
'we begin by twwng oflf to tU^ Une^ D j then reverse on 
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the chnck and torn A B, making a slight recess for tke 
core pivot; set a bevel 



to the angle, A B 0, on 
the drawing, and turn 
the circumference to it 
and at the same time to 
the required diameter, 
making it perfectly true 
and straight for the re- 
ception of the teeth. 
Very little, if any, sand- 
papering is to be done on 
this part — ^it destroys the 
ev(»nness of the surface. 
With a fine tracing 
point, and while the 
lathe is in motion, mark 
a line near to D G on the 
circumference, or, proper- 
ly speaking, the face. 
Upon this line the pitch- 
ing or dividing is made, 
to determine the position 
of the teeth ; divide this 
line into as many parts 
as it is desired to have 
teeth. It often happens 
in performing tliis divi- 
sion that, having passed 
the compasses around 
the piece, we do not fall 
exactly into tho starting 
point, but yet are so near 
that we cannot shift the 
oompasses, even if they 
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are famished with slow-motion screw, without making 
the error greater. The usual way of overcoming this 
difficulty is to give the compass points a few slight 
rubs upon the oilstonCi inside or out, according as we 
wish either to enlarge or diminish the distance between 
them. 

When a pair of bevel gears are geared together, all the 
teeth on each wheel incline towards a single point; this 
point is where the axial lines of the shafts would meet if 
produced. In order to give this direction to the teeth of a 
bevel wheel or pinion, we must set them square ; but to 
an article of the shape we have produced, an ordinary 
square cannot be applied in this case, and the workman 
calls to his aid one of the simplest problems in practical 
geometry — ^namely, to erect a perpendicular to a given 
line. Tlds is illustrated in Fig. 206, where the whole outline 
is supposed to represent the turned body of the pinion. 



JlSiff:J^06. 




A B is the line passing around it, of which we have pre- 
viously spoken. In it take any point, ; it may be one of 
the points already made in pitching off. With G as a cen- 
ter, and at any distance convenient, mark D and D ; with 
D and D as centers, and at any suitable distance, mark 
the arcs which intersect at the point F. Join F G ; it is the 
perpendicular line required. As it would be too trouble- 
some to go through this operation for every tooth on the 
wheel or pinion, a square has to be made, such as shown 
in Fig. 207 ; the back is generally a piece of pine gaged 
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to fit the edge of the rim or &ce ; a hard wood blade ia 
screwed to it, so that, when the back is applied to the rimy 
the blade may be made to coincide with the perpendicular 
lino F J all tiie rest of the perpendi- 
culars required at the points of division 
are traced by this square. Another 
methodi even more simple^ is to plane 
a piece of thin wood to lie upon the 
hand-rest of the lathe, so as at the 
same time to coincide witli the per- 
pendicular drawn by the aid of the 
compasses ; it is then correct for trac- 
ing the others. This arrangement is 
shown in Fig. 209. 

If we intend simply to glue and brad the teeth, we pro- 
ceed to make blocks, a little larger every way than the 
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teeth require to be, hollowing out one side to fit the oone 
of the body of the pinion. These blocks are glued on to 
the lines ; and when the work is set, it is returned, this 
9^ 
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time setting the bevel to the angle E F O. A pitch line 
most be traced on each side 5 redivide and draw in the 
oatljne of the teeth on the larger side 5 then, by the methods 
already described for making perpendiculars, transfer the 
l)oints of the teeth to the small side ; then complete the 
outline, following out the same principle adopted in trac- 
ing the large side — that is to say, taking corresponding 
centers and distances proportionate to the diminished size 
of the small side of the cone, as shown in Fig. 205, where 
the largo and small ends of three teeth are set out. 

When the subject of spur pinions was under considera- 
tion, I deferred making any remarks upon the attachment 
of teeth by dovetails, until bevel gear should be treated on. 
Let us now consider the advantages and disadvantages, if 
any, of this mode of fixing the teeth. We have long ago 
mentioned the property which wood has of altering its size 
according to the dryness or humidity of the atmosphere, 
which alteration, though considerable across the grain, is 
very slight in the direction of its length. Hence, when 
teeth are glued to a body, the grain of which crosses that 
of the teeth, there will be a movement between the two 
when the pattern is subjected to a change in dampness or 
dryness ; the dovetail allows fi^edom for any movement 
from these causes, retaining the tooth in its position under 
all circumstances. Should the mold happen to break 
down in the act of withdrawing the pattern, it may be re- 
stored to a considerable extent by knocking out a few 
teeth, placing them in the damaged impressions left by the 
pattern, and bedding up the sand around them. It some- 
times happens that the teeth of a bevel wheel or i^inion 
will be too much undercut to leave the mold without dam- 
aging it; this method will admit of the teeth being with- 
drawn in detail, after which the pattern can be lifted 
without difficulty. To counterbalance these advantages 
must be mentioned the extra cost inseparable from this 
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method of fixing the teeth. This, however, is really a 
small matter when dealing with pinions ; and, therefore, 
bevel pinions usually have their teeth attached by dove- 
tails, exce2)ting those of small size. If it is decided to use 
dovetails, we proceed as follows : The body of the pinion 
has been turned and divided, and the perpendiculars all 
finely drawn in. Cut out of thin wood a piece of the size 
which the dovetails are intended to be, which is such that 
a small margin of tooth may be left on each side 5 set the 
piece on the rim, at a distance from a perpendicular equal 
to the margin allowed ; set it by the square, shown in 
Fig. 207, as the dovetail must have such a taper that its 
sides may both tend towards the point X, before alluded 
to, namely, the intersection of the axes of the shafts. This 
will be the case if, when one side of the dovetail template 
has been set square, the other is square also. By this 
template, lines for all the dovetails are scribed on the face ; 
the depth is laid off on the drawing by lines tending toward 
X ; and from this the depth of each end of the reoess may 
be gaged on the pattern. No curvature is given to the 
bottom of this ; it is pared out flat with the chisel. The 
dovetails are now fitted, and left projecting above the 
face; they are driven moderately tight; the projecting 
parts are then turned off level with the rim. 

We have now to go through the same process as before 
described for making and attaching teeth. When the glue 
is well set, each should be knocked out, numbered, and 
the dovetail bradded. Fig. 208 is a section and half plan of 
a bevel wheel. In the latter the shape of the teeth is not 
shown, but merely their thickness at the pitch line ; in the 
sectional view, a few teeth are laid out in profile upon arcs 
struck from tlie centers, A and B, which are the points of 
intersection of perpendiculars^from the ends of the teeth 
(at the pitch line) and the center line. In the section on 
one side is shown a series of rectangles, numbered from 1 
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to 5 ; these represent the segments of which the rim is com- 
posed. It is true that they might be made more nearly to 
approximate to the shape of the rim by sawing them to a 
bevel, but a machine suitable for this is not in every shop ; 
and when it is considered that the segments themselves are 



^> 



S 




usually not more than f inch in thickness, it will be seen 
that the additional complication counterbalances the saving 
in lumber and time in turning. If, however, the wheel is 
very large, or where thick segments are employed, we may 
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advantageously saw the segments to a bevel. The method 
described for turning the bevel pinion is exactly suitable 
for the wheel J tlie arms will be checked together, but need 
not be built into the rim, unless we desire an exceptionally 
strong pattern ; the obliquity of the rim enables us to get 
a good purchase, by means of screws through the end of 
each arm into it. Care must be taken to have the ends of 
the arms each to bear properly on the rim ; otherwise the 
rim will be thrown out of true in screwing. 

It will be remembered that, in treating upon the spur 
wheel, we had, in forming the box for shaping the teeth, 
simply to draw out on each end the natural size of the 
tooth, that is, if we except a slight diminution towards one 
end for draught ; but the conical form of a bevel wheel 
gives a little extra trouble. In Fig. 208 the tooth proper 
is of the length of the face of the wheel, as seen in section. 
Kow all lines bounding the teeth must converge to the 
point X ; so if we take F F to represent the length of the 
box, we must strike out upon the large end an enlarged, 
and upon the small end a diminished tooth ; then by plan- 
ing to these lines we shall have formed such a box that 
any piece shaped in the gap formed in it, will be of the 
proper size and shape for a tooth. It would confuse our 
engraving too much were we to attempt to show the en- 
larged and diminished tooth on the ends of the box ; but 
the principle is easily understood, as we have but to follow 
out whatever method has been adopted on the drawing for 
producing the tooth curves. 

THE WOBM, OB ENDLESS SCBEW. 

A worm pattern, when cut by hand, involves a slow and 
tedious operation ; and even with the utmost care we can 
scarcely expect to produce an article so perfect as it would 
be if cut in a screw-cutting lathe. But however well 
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adapted the screw-cutting lathe maybe for producmg good 
screws iii metal, it will not be found to give such good 
results when wood is the material to be operated upon ; 
this may be accounted for by reason of the high speed 
required to make a clean job with wood in a lathe, which is 
altogether incompatible with the working of the gearing 
necessary for cutting screws, at least of such fast pitches as 
are usually required for worms. Besides, special tools 
must be made for use in the lathe, conforming to the shaj)e 
of the tooth ; for a worm is really one long tooth wound 
about a cylinder. There are a few other minor difficulties 
attending the cutting of a wooden worm in a screw-cutting 
lathe ; and when all are considered, it is doubtftd if there 
is much gain over the old-time hand method. We will, 
however, describe both : 

Let Fig. 209 represent the complete pattera. To make 
it in either way, take two pieces, each to form one half of 

^ screw them together at 

the ends, an excess of 
stuff being allowed at 
each end for the accom- 
modation of such screws 
or dogs, if the latter 
are more convenient, as 
they might be in a large pattern. Turn the piece down to 
the size over the top of the thread, after 
which the prints, P P, are turned. Sup- 
posing it to be determined to cut the thread 
in a lathe, we must have ready a few tools 
adapted for the work ; the first of which is 
the parting tool, very similar to a parting 
tool for brass. Fig. 210— namely, flat and 
level on the cutting face, but with a great deal more bot- 
tom rake, as strength is not so much an object., and the 



Digitized by LjOOQIC 




WORM SCREWS. 



215 



tool is more easily sharpened. We have also in addition 
a little projection, like the point of a penknife, formed by 
filing away the steel in the center j these points are to cut 
the fibres of the wood, the severed portion being scraped 
away by the flat part of the tool. We must not forget 
to give a side rake to the tool corresponding to the pitch 
we have to cut ; and the width of the tool is to be a shade 
narrower than the space in the worm at the narrowest 
part, which is generally at the root of the tooth. Having 
suitably adjusted the change wheels to the pitch required, 
we drive down the parting tool until the leading points 
are on a level with what is to be the bottom of the spaces; 
a parting tool without cutting points is now adjusted, and 
the space made of the required depth. We now have cut 
a worm with a square thread ; and it remains to finish to 
the required foria of tooth. To do this, some have essayed 
a tool such as shown in Fig. 211 ; but this 
will not work, for the reason that it is end 
wood which we have to cut. Were we cut- 
ting across the grain — as, for instance, in 
making the groove with the parting tool — 
then the one shown in Fig. 211, which is 
nothing but a scraper, would act very well. 
The tool shown in plan and section. Fig. 212, 
has a keen edge imparted to it by piercing a hole through 
the steel and fihng to a bevel ; it must 
then be nicely oilstoned. The only ob- 
jection to this tool is the diflBlculty of 
sharpening it. We ought not to suffer 
both sides of the tool to cut at once ; in 
fact, the tool itself should not be made 
quite so wide as the space it has to finish. 
Furthermore, if the pattern is very large, 
it will be necessary to have two tools for finishing — one to 
3ut from the pitch line inwards, and the other to complete 
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the form from the pitch, line oatwards. It is advisable to 
use hard wood. 

If it is decided to cat the thread by hand, then — ^the pat- 
tern being tamed as before — separate the two halves by 
taking oat the screws at the ends; select the half that has 
not the pegs, as being a little more convenient for tracing 
lines across. Set oat the sections of the thread, A, B, G, 
and D, Fig. 213, similar to a rack ; throngh the centers of 

-^ ^j -^> ^' ^' ^^^ ^» sqaare 

^ Jlijf '^[' ^ lines across the piece. 

These lines, where they 
intersect the pitch line, 
will give the centers of 
spaces on that side; or 
if we draw lines, as at 
Ey F, t^roagh the cen- 
ters of the spaces, they 
wiU pass throngh the 
centers of the teeth (so to speak) on the other side. In 
this position complete the ontline on that sida It will be 
foond, in drawing these oatliues, that the centers of some 
of the arcs will lie ontside the pat- 
tern. Tq, obtain support for the 
compasses we must fit over the pat- 
tern a piece of board, snch as shown 
by dotted lines at G H. 

We have now to draw in the top 
of the thread npon the carved sar 
£Ekce of the half pattern. For this 
parpose we take a piece of stiff card 
or other flexible material (see Fig. 
214), we wrap it aroand the pattern 
and fix it temporarily by tacks, trim off the edges trne to 
the pattern, and mark upon the edges of the card the i)o- 
Bition of the tops of the thread npon each side; we remove 







Digitized by VjOOQIC 



aSAB AND WOBM SOBSWCU 217 

Che card and spread it out on a flat snrface, join the points 
marked on the edges, as in Fig. 215, replace the card ex- 
actly as before upon the pattern, and with a fine scriber 
we prick through the lines. The cutting out is commenced 
by sawing, keeping of course well within the lines ; and it 
is facilitated by attaching a stop to the saw, so as to insure 
cutting at all parts nearly to the exact depth. This stop 
is a simple strip of wood and may be clamped to the saw, 
though it is much more convenient to have a couple of 
holes in the saw blade for the passage of screws. For fin- 
ishing, a pair of templates, Fig. 215, right and left, will be 
found useful 5 and finally the ^, ^- 

work should be verified and . '^' 






sUght imperfections corrected by ^M^^ ^Bp^B 
the use of a form taking in three ^|| "~ m^ 

spaces, as shown in Fig. 216. In 
drawing the lines on the card, we must consider whether it 

is a right or left handed worm that we 
JT^.^/^ desire. In the engravings, the full lines 

are those suitable for a right, and the 

dotted lines for a left handed thread. 

Having completed one half of the pat- 
tern, place the two halves together; and trace off the half 
that is uncut, using again the card template for drawing 
the lines on the curved surface. The cutting out will be 
the same as before. 

Another and very quick method of making a worm pat- 
tern is to turn down the body of the pattern to the diameter 
of the bottom of the thread or worm, and to then turn up 
some rings whose bore must be the same in diameter as 
the bottom of the worm. Now, suppose we cut one of these 
rings in four quarters, and fasten one section to the body of 
the pattern, then put on the next section, not fidr with the 
first but as much to one side as the pitch of the thread re- 
quires, and continuing this process the thread nu^ be faa- 
10 



Digitized by LjOOQIC 



218 



PATTEBN MAKER'S ASSISTANT. 



tened to the body. It is obvious, however, that the 
thickness of the washers must be greater than the thickness 
of the thready but what their thickness requires to be de- 
pends on how many sections it is intended to cat them up 
into. It is best to so regulate the thickness, however, that 
the corner of each section on one side shall represent the 
exact pitch of the worm, so that the comers will act as a 
guide in cutting the thread. 
The accompanying illustration (Fig. 217) r^resents a 




very serviceable article for those who may be called upon 
to lay out gearing. It is not new to the mechanical world, 
but as the author never happened to meet with but one 
man who actually had made himself a scale of this kind, he 
considers it will prove a novelty to a large class of pattern 
makers. 

Draw the lines A B and A at right angles to each 
other. Make AB equal to three inches; the line A may 
be any convenient length, say six inches, as by observing 
this proportion the scale will be in addition a very useful 
set square, with the angles, at B and 0, 6(P and S(P re- 
spectively. Join B ; divide A B into 15 parts; from O 
draw lines to the fifth, sixth, seventh and eighth parts, as 
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in the figure. Divide A into 843 many parts as there are 
inches in A B, number the divisions, and erect perpendicu- 
lars to A B. These are for the even inch pitches. To make 
the scale serviceable for the fractional parts, divide and 
subdivide again, and erect a perpendicular at each division. 
This process in our figure is carried out to quarter inches. 
It may, however, be further extended, if desired ; but inas- 
much as it is so little trouble to draw a perpendicular at 
any time for any fractional pitch, required, it may be pre- 
ferred by some that the scale should not be overcrowded 
with lines. 

Brass is probably the most suitable material, as it takes 
the lines readily, does not oxidize, and is sufficiently hard 
to stand considerable wear. 

The method of using this scale will be (dear from the fol- 
lowing example. Let O, Fig. 218, be the center of a tooth 




J^.^^. 



wheel or pinion, and F P the pitch drcle, which we will 
suppose already diddexl off, and that the pitch is one 
inch ; on the perpendicular marked take with the com- 
passes the distance up to line 5, and set this off outside tlie 
pitch for the tops of the teeth ; on the same perpendicular 
take the distance up to line 6, and mark this inside the 
pitch drcle for the roots of the teeth. With center O, and. 
the points so found as distances, describe circles. 
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Make the fhickness of the tooth equal to the distanoe 
on the scale ap to line 7 ; the width of the space will then 
be equal to the distance ap to line 8 — all, of oonrse, mea- 
sured firom the base line, AG. 

Scales upon this principle may be made to accommodate 
any preferred proportions of the teeth of wheels. 
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PATTERN FOB SECTION MOLDmO. 

For the sake of durability, patterns for pulleys are gen- 
erally made of cast iron. For convenience in molding it 
is usual to make them in halves, as shown in Fig. 220, 
A B being the line of division. The hubs are of wood, as 
they frequently have to be changed to suit different sizes 
of shafts. 

We may commence by building up a wooden pattern for 
half of the lim, making it of such a size as to allow for its 
being turned by the machinist after being cast. Two cast- 
ings having been taken from this pattern, they are bored 



and turned to equal dunensions, the proper draught for 
molding being given in the process. A slight projection 
id turned upon one half, fitting into a recess on the other, 
a& shown at B. When placed together, the two halves form 
the whole rim. The cast iron arms may be made either 
the full thickness or in halves. If made the full thickness, 
they will be fixed to one of the half rims. As half the 
thickness of the arms is made to project beyond the half 
rim, it will form a guide to keep the two rims central, so 
that in this case the projection^ shown at B, need not be 
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made. The arms are fitted to the ring by turning, and at 
the same time a hole is bored through the center to form a 
guide for the hub, as shown at P in the cut When the 
arms are cast in two halves, and a half fitted in each rim^ 
the pattern is easier to mold, as a level parting is secured. 
The rims must not only be kept central but be prevented 
from turning one on the other ; hence the necessity for the 
hole to contain a pin, as shown at P. For convenience in 
drawing the pattern out of the sand, a couple of holes may 
be bored and tapped three eighths or half an inch, or larger 
if thought necessary, near tlie rim, diametrically opposite 
each other. 

Occasions often occur when it is inexx)edient to go to the 
expense of a pattern for making a pulley, especially if the 
pulley be large and only one or two castings required. In 
this case we may make use of the following contrivance, 
though it must not be expected that as well shaped cast- 
ings can be made with it as from a finished pattern. 

Fig. 221 illustrates by two views the apparatus as made 



Eiff.22I. 




wholly of wood. A is a piece shaped to the circle of the 
pulley. It is supposed to be large enough to extend at 
least about a sixth of its circumference ; the depth of A is 
equal to the width of the rim. B forms a connection 
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between it and the center, where the print, P, is fastened. 
S S are simply braces to stiffen the fiame, the nse of which 
will presently be described. 

A core box mnst now be made, embracing a section of 
the interior of the pnlley . If the pulley is to have six arms, 
the core box will take up a sixth of the interior ; if four 
arms, a fourth. We will suppose the pulley is to have 
six arms. The core is made as shown in Fig, 222. A £ 



represents the arm of the pulley passing through the cen- 
ter of the box ; from to D is exactly a sixth part of the 
inner circumference of the rim. A sixth part of the hub is 
fixed in the other comer. The piece D is loose at the 
joints, as it is necessary to take it off to get out the core. 
The arm also is loose. When the core is made in this box, 
the arm A £ is first pulled out ; then the piece G D is 
removed, and afterward the other pieces. The hollows 
around the ends of the arms may easily be formed by the 
core maker, or they may be formed in the box, as seen in 
Fig. 222. The hollow or fillet at the end of the arm near 
the center must be worked out solid with the arm itself, 
while that which is at the circumference is worked in a 
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piece fixed to G D, the arm being diminished so as to 
center this piece without making a feather edge. A plain 
straight arm, oval in section, is the cheapest and most con- 
venient for pulleys made in this way. It may, however; be 
curved like the arc of a circle, but not made S-formed, as 
it could not then be drawn out from the solid core. 

The molder, having prepared a level bed, places upon 
it the frame, Fig. 221, allowing the print to impress itself 
in the sand ; a weight is then placed upon the frume to 
keep it in position while the sand is piled around the curve 
and made level at the full height of the same. The frame 
is then shifted, and the sand molded in again. This pro- 
cess is repeated until the circle of the pulley is finished. 
Into the mold so prepared must now be placed six cores, 
made in the box described in Fig. 222, and also the core to 
make the hole for the shaft. The whole is then covered 
with a level cope, and prepared for the casting. 
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The toim cogging is applied by pattern makers and 
wheelwrights to the process of furnishing wooden teeth to 
iron wheels, in the rim face of which are cast mortises to 
receive the wooden cogs. The term cog is applied to the 
piece of wood out of which the tooth is formed. This in- 
cludes the shank fitting into the mortise, together with the 
tooth projecting from the face of the wheel. The term 
tooth denotes the part forming the tooth independently of 
the part fitting into the mortise. 

The object of usin^ cogged wheels is to avoid the jar and 
noise incidental to the use of large cast gear wheels, which 
it is found impracticable to cast true. If the wheel is cast 
from a wooden pattern, this pattern is liable to warp. 
Furthermore, the rapping of the pattern in the mold tends 
somewhat to destroy the truth of the mold. Even if these 
elements of error are eliminated in making the mold by 
using a molding machine, -the unequal shrinkage of the 
casting induces untruth. After a gear wheel is cast, the 
face is then to be turned true. While in the lathe a circle 
may be made for the bottom of the teeth, and another for 
the pitch line. Other circles may be made as are deemed 
necessary as guides for adjusting the instrument used to 
form the outlines of the teeth. The wheel may be marked 
off as carefully as can be, and the teeth, after marking, may 
be chipped and filed to the lines; but it is not found in 
onlinary practice that by any such means a degree of truth, 
sufficient to avoid jar and noise, is attainable. This is es- 
pecially the case with large wheels, and cogging is resorted 
to. It IS usual to cog the large wheel of a pair that run 
10^ 
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together, and to make the wood teeth thicker across the 
pitch line than the iron one. If two cast wheels are made 
to run together, there is usually given a certain amount of 
clearance between the spaces and the teeth j whereas, when 
a .cogged wheel is employed, this clearance is dispensed 
with, and back lash is avoided. The woods generally used 
for cogging are hornbeam, hickory, buttonwood or syca- 
more, maple, and locust. The blocks for the cogs should 
be cut out and kept, so as to thoroughly season before being 
used. There should, when there is likely to be a demand 
for them, always be kept a spare set of cogs, so that they 
will be ready for use, well seasoned and less liable to shrink, 
and thus come loose in the mortises. 

Wlien the cast wheel arrives from the foundry, it is taken 
to the machine shop, bored and turned across the face. 
The mortises receive a little attention, burrs and sprue fins 
are removed, the rough places leveled, etc K it should 




be found that any of the mortises are "blind,'^ that is, 
stopped by the arms of the wheel, as shown at A, Fig. 223, 
a circumstance which is avoided as much as possible in the 
designing of the wheel, a small hole must be made through 
the. rim to admit of the passage of a mre or screw. The 
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first step taken toward getting ont the wood teeth is to 
obtain the exact size and shape of the mortises. For this 
puipose, if the wheel is a spur, we must cut out two pieces 
of thin wood, as templates to fit the mortise, one represent- 
ing the length of the mortise, as in Fig. 224, and the other 
its width. The templates must be tried in several holes, 
so as to insure their being the correct size, abcdj Figs. 
225 and 226, represent one of these 

templates. From it we get the ^f^^^6. J?^.£SS. 
size of the rough cogs. Add above 
t c the height of the finished tooth, 
and from a quarter to half an inch 
more, according to the size of the 
wheel, to allow for turning off. 
Make a good allowance in this di- 
rection, as also at the other end of 

the piece, for the wood may be bruised by the hammer in 
driving the cogs in and out. The size of the cog is shown 
at c f gh^ the length / g being that of the finished tooth, 
and not less than | inch allowed on each side for turning. 
To obtain the thickness, take that of the finished toothy 
shown at 0, Fig. 223, at the thickest part, and allow 
about \ inch of a side for trimming. 

Having now the full size and thickness, cut out the 
number of cogs required, with three or four spare ones, 
as some may be split or possess some defect. To avoid 
damaging the teeth, a broad, flat-faced, heavy hand-ham- 
mer should be used to drive them with. 

It is taken for granted that a circular saw bench is 
accessible, for without this cogging is made with difficulty. 
Have the saw in good order, and mount upon it a simple 
contrivance for shanking the cogs. It is composed of a 
box and two guides. These are illustrated in Figs. 227, 
228, and 230, the parts throughout being marked with the 
same letters. 
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Hake A perpendicular with E F. Let E F be 11m 
height the saw stands above the table, which should be 

a little higher than the 

Flff.^'^lr. length of the shank of 

T \ 1. the cog. To the line 

E F apply the form 
or template, ahcd^oi 
the width of the shank. 
Produce the top line of 
this form, and it is 
the top of the guides. 
Make the guide at 
such a distanoe from the saw as to admit of the passage 
of the cogs the widest way. Make a box composed of two 
pieces, one piece being of sufficient thickness to take in the 
whole rough tooth of a cog in a mortise cut through the 
center of it, as indicated by the dotted lines in Figs. 231 
and 232, and shown in ftill in Fig. 234. The thin piece T 
forms a backing to stop the cog in the mortise ; it also, by 
being placed with the grain in an opposite direction to that 
of the box and screwed firmly, adds much to the strength 
of the box, and enables it to resist the strain of the binding 
screw S, by which the cogs are held while being sawed. 
Having the thickness of the box, lay it off upon the oppo- 
site side of E F, and draw the guide D ; if, as at O, in Fig. 
234, the size of the top of the shank be laid down, then 
the distance from it to the sides and ends of the box must 
be equal to E F, the height of the saw above the table. 
Having the size of the box, we can now mark the position 
of the guide H. 

Eight movements with the box over the saw shanks the 
cog; two movements, as in Fig. 231, make slits through 
the width of the stuff and bring it to the right thickness ; 
at Fig. 232, two movements, with the box held in the 
direction shown, bring the shank to the width. The box 
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ii now to be held with one of its edges on tbe table and 
passed between the guide, D, and the saw. It is to be 
passed tfaiongh fonr times. A slab is detached each time. 



I^igr.^JiS, 




Figs. 229 and 280 illustrate two of these positions ; and 
after turning the box upside down, the other two move- 
ments may be performed. 

Having now completely shanked one cog, it must be 
compared with the templates and tried in the mortises. 




Oaie and patience at this time may save honrs of labor in 
fitting. Proceed now to fit the cogs to the mortises, as at 
B| Fig. 223, driving them tightiy, and leaving them with 
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Mieir slionlders, say, ^ inch above the rim at the widest 
part. Use raw linseed oil to iubricate the surfaces while 
driving. All the cogs being now driven into tiieir places, 
take a little instrument, shown in Fig. 224, called a fork 
scriber, and with this trace a line upon the shoulder of 
each cog by allowing one prong to travel along the turned 
face of the wheel while the other is pressed against tbc 
wood. The shanks of the cogs must also be marked with 
a common scriber where they project through on the 
under side of the rim. 

Kumber all the cogs with a pencil, and niunber two of 
the mortises with a center punch or stamp, to show the di- 
rection of the numbering. Kow drive out all the cogs and 
" shoulder ^ them, that is, dress the shoulders to the fork- 
scribe line, so that, when driven in, the shoulders will fit 

the face of the wheel. 
This being done, mark 
a mark on the shank; 
into this mark on both 
edges of the cog insert 
the fork scriber, and 
scribe a line parallel to 
the first but nearer up 
to the shoulder. This 
• line shows where the 
under side of the rim 
will come when the cog is next driven in, for of course it 
will be driven just as much further as the distance be- 
tween the t^o points of the fork scriber. In Fig. 223 
observe the pin, P, the top of which lies against the rim ; 
so in finding the center of the hole for the pin, we must 
place it nearly one half the diameter of the wire be- 
• low the fork-scribe line. Make this nearly so as to have ^ 
: Utile draw on the cog, and insure that the wire pin shall 
' touch the rim, Then w^hen the cogs shrill? pud become 
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loose in their mortises, as they often will, the pins will at 
least keep the shoulders in contact with the rim. Cogs in 
blind mortises are made to fit at the first drive and not re- 
moved, unless from some oversight it is inevitable. Care- 
fully examine the hole and remove lumps or cut away the 
wood to escape them, and gage the size and depth of the 
hole. Do this to avoid the unpleasantness of having to 
draw the cog when once driven in. 

The cogs may now be bored for the pin. This is most 
rapidly performed by running a boring bit in the lathe. 
The ordinary pin bit will do, but let it be so i)ointed as not 
to run away from the center mark made with a center 
punch. It should be lubricated with tallow or beeswax 
very S^quently, or the temper will be drawn, because the 
material is so hard and the speed so high. It takes too 
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much time to run the lathe mandrel back and forth by 
means of its screw ; therefore, to remove the cap and wheel, 
fit a wooden knob or handle on the end of the screw and 
work the mandrel by hand. This will be clearly under- 
stood by turning the attention to Fig. 233. E is the run- 
ning head with bit held by a chuck G, the cog T, tail- 
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stock W, fhe knob of wood. This method bores the cogs 
rapidly and straight The cog when bored half way may 
be reversed and the rest of the boring completed from the 
other side. 

The next process is to saw the shanks off to an equal 
lengthy measured from the shoulders which have been 
dressed. In Fig. 234, S is the circular saw, F a gmSie 
strip, B a planed board, H a handle, T a stop. The cog 
6 is shown with its shoulders resting against the edge of 
the board and its side against the stop. In this position 
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it is held firmly by the letl liand, the right hand seizes the 
handle and pushes toward the saw. A second stop is 
shown at O J it is fixed to the table to prevent the board 
by any inadvoitence from being 
pushed too far. The ends of the 
shanks may now be rounded at the 
comers, or chamfered to give them a 
presentable appearance, and the 
cogs are ready to be again driven 
into the wheel. A mixture of white 
lead and boiled linseed oil is to be 
made, of the consistence of thick 
paint. This, with a piece of stick or 
brush, is applied to that part of the 
shank which remains in the rim. 
Each cog is then driven into the 
mortise, to which it was fitted, and which may be known 
^ the number marked on it. Insert the pins— pieces of 
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strong wire, pointed like a center punch; these are 
in length somewhat less than the rim is wide, but longer 
than the tooth. The wheel now goes to the turning shop, 
where the teeth are turned to the jiroper size and the 
pitch lines marked. Upon its return it is divided off, 
the outlines of the teeth drawn on both sides, and 
the excess of stuff removed with chisel and gouge. If 
it is i)ossible to remove a portion with a good sharp hand- 
saw, that may be done, as much time may be saved 
thereby. When the teeth are all formed, filed, and sand- 
papered, they may receive a few good soakings of raw lin- 
seed oil. 

In bevel wheels the mortise is narrower at one end than 
at the other, as shown in Fig. 235. It follows that the 
sliaiU^s of the teeth must 
1)0 made to fit^ therefore an 
extra template must be 
made, so as to have one 
for each end of the mortise. 
The shape of the mortise, 
or in other words, the top 
of the shank and its size, 
is to be laid down as in 
'Fig. 232, and the distance 
E F (the length of the top 
of the circular saw from the 
saw to the table) laid off 
on all sides, so that the box will assume a shape corre- 
sponding to that of the shank, the guides remaining the 
same. In this way the outer edges of the box form a gage 
to saw the cogs. 
10^ 
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MACHINE TOOLS FOB PATTERN ICAKINd. 

Pattern making being a process for originating, it is ob- 
vious that the use of special tools in the same is out of 
the question ; and there is at the present day no branch 
of woodworking in which power-driven tools or machines 
are so little used as in pattern making. In some pattern 
shops a lathe only is to be found ; in a great many a lathe 
and jig-saw complete the complement. The lathes are in 
a majority of cases of simple, if not crude, construction, 
without any slide rest or self-acting feed motions — those 
shown in Figs. 45 and 65 being a fair representation. It 
must be conceded that from the desultory nature of pat- 
tern work and the fineness of finish required, hand work 
possesses many advantages, because in so many cases the 
work can be done by hand in about as much time as it 
would take to set a machine for the purpose. Furthermore, 
a hand plane can be sharpened on an oilstone in less time 
than it would take to stop a machine and take the planing 
cutter out. A pattern, when commenced, is worked upon 
by the workman or workmen until finished; and in any 
case each man does his own marking out, sawing, planmg, 
boring, turning, etc. ; and as each job must be, in the main, 
done in certain order, no part of his work can well — as a 
general rule— wait until a machine is unoccupied. Not- 
withstanding all this, however, there is no doubt that 
much work is done by hand that could be advantageously 
done in a machine, providing the latter does not occupy 
too much shop space, is not too heavy, is designed to per- 
form several operations, and to be set for either of them 
readily and easily. As an example, core boxes and the 
segments for building up cylinders, etc., may be noted. A 
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well constructed lathe device would bore a core box in a 
fraction of the time it requires by hand, A pattern maker's 
lathe having a friction straight and cross feed, and very 
light parts, would be a desirable tool, because of the facility 
with which facing up work and cutting out core boxes 
could be done. In facing up work, a large porportion of 
the time is spent in testing the straightness of the face. 
Core boxes could be bored out rapidly by fastening them 
to the light lathe saddle by a handy fixture designed for 
the purpose — ^the cutter being adjustable in a bar revolved 
between the lathe centers. 

Of the few power tools or machines designed for pattern 
makers' use, a few of noteworthy examples are shown in 
the following engravings : 

In Fig. 236 is shown a pattern maker^s face lathe. The 
hand rest, it will be noted, is supported by an arm pivoted 
at* one end, and supported by a leg at the other end, so 
that it can be adjusted to suit the work. 

The reason for making the cone pulley of wood is, that 
its momentum when in motion being less than if of iron, 
it will stop and start more quickly ; and this is a valuable 
consideration, when the lathe requires to be so often stop- 
ped and started, to try the work. The box frame is pro- 
vided to prevent the excessive vibration to which lathes, 
supported upon legs, are subject under high speed. 

In Fig. 237 is shown a smaller face lathe for turning 
hubs, bosses, core prints, and similar work, than can be 
done without the use of a back center. 

In Fig. 238 is represented a lathe head and tailstock for 
mounting on either wooden or iron shears, as may be pre- 
ferred. Iron shears keep more true, and the tailstock is 
more easily moved and kept in line or set over, as the case 
may be ; the only objection to them being that they are 
apt to damage the edges of tools carelessly laid down; and 
wood may be made of large proportions, to avoid tremor 
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where lathe shears and legs are used, as in this class of 
lathe. 

It will be noted that each end of the cone spindle is pro- 
vided with a face plate. The extra one is for use upon 
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work too large to go between the lathe centers 5 in which 
case a movable hand rest — after the style shown in Fig. 
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47 — becomes necessary. This provision is very handy, 
but is not so good as the large face lathe shown in Fig. 
236. 

Fig. 237. 



Fig. 238. 



Next to a lathe, a jig saw is the i)ower tool most com- 
monly foond in a i)attem shop. It is indeed a very useful 
tool to the pattern maker, notwithstanding the noise and 
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jar that usually attends its use. Its small expense and 
lightness^ as compared to a band saw, are no doubt the con- 
Fig.'^S9o siderations which cause 

it to be preferred, because 
the band saw is an in- 
finitely superior machine, 
r except it be in cases where 
an area surrounded by 
solid wood requires to be 
cut out, in which case the 
jig saw can be detached, 
passed through the work, 
and attached again — 
thus performing a duty 
peculiar to itself. In the 
jig saw, shown in Figs. 
239 and 240, the table is 
planed true and pivoted, 
so as to cant over, for saw- 
ing bevels, or to give the 
pattern the necessary 
draught. The crank is 
provided with a conical 
schiele bearing at the 

I front, adjusted by nuts at 

the end of the shaft. To 
stop the saw instantly^ a 
friction brake is provided, 
and the sliding head or 
stock is adjustable in a 
long planed bearing upon 
the front of the column. 
The top guides are ad- 
justable vertically, to suit 

different lengths of saws, and pivoted to regulate the 
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Fig. 240. 



amount of rake given to the saw. The machine is also 
provided with a rotary fan, to remove the sawdust from 
the lines upon the work, and keep the latter visible. 
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The band sawing machine, shown iu Fig. 241, is a very 
valuable machine for pattern making, because it will per- 
form its duty with great truth as well as great rapidity, 

Fig. 241. 



answering also the whole purpose of a circular saw, and 
very nearly the whole puri>ose of a jig saw. Among these 
qualifications, however, that of cutting true and exact to 
line is the most valuable, especially in the case of the teeth 
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for wheels, segments, etc. The table is made adjustable 
for cutting bevels or draught. 

The circular saw, as used in pattern making, is mainly 
applied to roughing-out purposes. More stuff being left 
for finishing by hand, than would be the case were the 
work sawn with a band or a jig saw. The circular is a 
very useful saw, however, especially for roughing out rab- 
bets and similar work. The table for pattern maker's use 

Fig. 242. 



should adjust' to saw at a bevel, and should rise and fall 
adjustably at one end, so that the saw may project more 
or less above the surface of the table 5 the height of the top 
of the saw, from the table surface vertically beneath it, 
regulating the depth of the groove the saw will cut. The 
same saw being used for slitting and cross-cutting pur- 
poses, the teeth are filed slightly pointed, and thus answer 
both purposes. The circular saw, shown in Fig. 242, is de- 
signed for pattern maker's use ; the gage being operated 
by a screw operated by the handle shown. 
11 
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Roller feeding planing machines are not proi)erly adapted 
for pattern making, because the pressure of the roller 
si)ring8 the work out of true. They may, it is true, be used 
ui)on work too thin to be held in other planers, but there 
being in any case no assurance of truth (that great deside- 
ratum for pattern makers) their employment, even for 

Fig. 243. 



thin work, is not advisable. A traverse planing machine, 
however, is a very useful tool, especially upon segment 
work 5 hence such a machine is shown in Fig. 243. The 
frame is boxed, to secure rigidity with compactness and 
lightness. The feed is a hand one, as is preferred by all 
pattern makers, because it admits of rapid manipulation. 
The framing being open at the front, gives easy access to 
the cutters, and admits work of greater width. 
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In every pattern shop hot glue is a primary necessity, 
and steam is by all means the best medium of keeping the 
same heated ready for use. In Fig. 244 is shown a steam 
glue heater; the outer casing containing the water, there 
being a glue pot on each ^^ 244 

side of the upper fiice, and 
a pot for hot water in the 
center. In the absence of 
steam, the ordinary glue 
pot, heated by gas or a 
spirit lamp, is employed. 

The glue used in pattern 
making must be of the 
best quality, well boiled, 
and applied properly hot; 
because, notwithstanding 
the varnish, patterns are 
affected by the moisture 
of the molding-sand, and 
from rapping the pattern 

to loosen it in the mold. Defective gluing — or in fact 
any but the best executed gluing — will rajudly show it- 
self, and impair the value of the pattern. 
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CHAPTER XVm. 

SHRINKAGE IN CASTINGS. 

To allow for the shrinkage in castings, the pattern b not in£ce- 
quently made in form and size to meet the requirements of any 
known case. Suppose, for example, that the surface of a large casting 
is found to be hollow, then that surface upon the pattern will be made 
safficicntly rounding to allow for the shrinkage, thus giving a casting 
with the desired flat surface. lu lai'ge bodies of metal the shrinkage 
is always sufficient to demand an allowance therefor by the pattern 
maker ; and it always takes place in the largest mass of the metaL 
The directions of this shrinkage are thus given for particular forms 
by Mr. Alfred C. Watkins : 

SOLID CYLINDERS. 

In the case of a shaft, or other solid cylinder, it will be noticed that 
the surface of the casting at the ends will be slightly depressed. This 
is occasioned by the surface of the cylinder being cooled by the walls 
of the mold first, and setting, w^hile the central portion yet remains 
fluid or soft. In a few moments more the central portion cools, and 
in shrinking draws in the ends of the cylinder, the outer crust acting 
as a prop or stay to the atoms of metal adjacent to it. If this theory 
be correct, the depression should take the form of an inverted cone, 
owing to the gradual checking of the shrinkage as it approaches 
the outer crust In practice this will be found the case — ^the obtuse- 
ness of the angle being greater or less, according to the nature of the 
iron to shrink. 

GLOBES. 
In the case of solid globular castings, the heart or central point 
within will usually be found hollow or porous, owing to the follow- 
ing causes: The walls of the mold cooling off the outer surfeuie, 
causes it to set immediately ; the interior, cooling from the exterior 
inward, endeavors to shrink away from the outer crust, which resists 
its so doing ; hence, the interior is kept to a greater diameter than 
is natural, and there being but so much metal in the entire mass, the 
atoms are drawn away from the central point toward all directions, to 
supply the demand made by the metal in shrinking. 
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DISKS. 

In the case of flat roimd disks or plates, they will nsnally be found 
hollow on the top side, altboagh in some cases the hollow is on the 
bottom side. This is owing to the following causes : The top and bot- 
tom faces, together with the outside edge, become set first through con- 
tact with the mold, leaving the center yet soft. When the center 
shrinks a severe strain is put on the plate by an effort to reduce its 
diameter, which the outer edge resists. Now, if the cop be thin, Ihe 
heat will radiate rapidly in that direction, causing the outer or top 
side to sot first; the under side, setting later, will drag the top side 
over with it, causing it to round up on top and dish in the bottom. 
Or if the pattern be not perfectly true in every direction, the strains 
first spoken of will cause any curved portion to become more exagger- 
ated. If the pattern be perfectly true, cop and drag of the same 
thickness, and both rauuned evenly, there is no reason why the plate 
should not come out perfectly true, the strains being all self-contained 
in the same plane and balanced. If the plate, however, have an ogee 
molding projecting downward around the edge, it will likely be de- 
pressed on the top surface when cast. This is due to all the surfaces 
being set alike and at the same instant, excepting the metal within 
the comers, which, containing the most metal in a mass, will shrink 
last of all. When this does shrink, its tendency is to pull over the 
top side of the molding toward the plate, which being soft, although 
set, will be forced downward at the edges, giving a chance for the 
strains within the plate, as above described, to aid in the distortion. 

BOUND AND SQTJABB BARS. 

These strains are similar in both, and are already treated of under 
solid cylinders. There is another feature, not before spoken of, which 
is rather curious. If two bars of the same dimensions and mixture of 
iron be heated to the same temperature, the one allowed to cool in 
the mold, the other plunged while hot into water, the latter will be 
found to have shrunk the most. This is due to the particles about 
the surface having been enabled, by the softness of the interior metal, 
to get closer to each other than they could have done if the materia] 
had cooled slowly. 

BEGTANGULAB TUBES. 

These are usually cast with a core, which has a tendency to retain 
the shape of the casting; still the flat sides will show a tendency to 
bulge up slightly at the middle. This is due to much of the same 
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< 
oaoBes— the outer saiface is cooled instantly by the wall of the mold, 
and is set ; the inner sorfaoe is not cooled qnite so rapidly, owing to 
the core being of harder material, and not so good a conductor of 
heat When this does cool it will pull inward the outer skin of the 
casting, forming a slight curve f each side acting for itself, will pro- 
duce the same effects. 

OUTTBB, OB U-8HAFED GASTnTOS. 

These are usually made thinner at the edges than at the middle, 
because the pattern has been made with draught. When castings of 
this shape are taken from the mold, they will be found rounded over 
iu the direction of their length, the legs being on the curved side. 
This is explained by the mold cooling and setting the legs first ; then 
when the back or round shrinks, it puUs upward the two ends of the 
casting. 

WBDOB-SHAFED CASTmOS. 

In parallel castings of any length, having a cross section similar to 
a wedge—or similar to a ''knife" in paper-mill work — the thick side 
wUl invariably be found concave and the thin edge curved. This is 
due to the same causes as explained above. The thin edge is set as 
soon as cast ; the thick edge, cooling later, shrinks and draws the ends 
of the casting upward, and with them the thin edge, which acts as a 
pillar to resist farther shrinkage. 

RIBS ox PLATES. 

All ribs have a tendency to curve a plate, if they be thicker or of 
the same thickness as the plate, owing to the fact that whatever 
shrinkage strain they possess is below the general plane of the shrink- 
age of the plate itself. If the ribs be thinner than the plate, they will 
cool first ; and by resisting the shrinkage of the bottom of the plate, 
cause it to curve upwards, or '' dish ** on top. 

OEMEBAL LAWS REGABDING SHBINEAOES. 

The most metal in a mass always shrinks last ; hence if a casting 
be composed of irregular thickness, it will be liable to be broken by 
the forces contained Ydthin itself. It is, therefore, especially neces- 
sary that columns and castings supporting or resisting great pres- 
sures, should be so designed as to prevent this great error. Mold- 
ings on columns are often so badly designed with regard to this mat- 
ter, that the columns are excessively weak where they should be the 
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strooigeBt. As a role, moldings should seldom be cast on a column, 
but rather bolted on. Much of the iiiegnlaiity of flat castings and 
those of irregular shapes, could be remedied by a proper attention to 
cooling the castings while in the mold. To be sure, this is done to a 
certain extent, though few molders know why they do so. They 
know that by removing the sand from a particular casting, it will 
fitmighten in the shrinking. This is but the result of experience, not 
of thought, or any attempt to know why they so act. It is useful to 
know, also, that all shrinkage takes place while the casting is chang- 
ing from a red to a black heat. 

8HBIKEAGB OF CASTINGS. 

In locomotive cylinders ^ inch in afoot 

In pipes i " " 

Girders, beams, etc i ** 15 in. 

Engine beams, connecting rods i *' 16 in. 

In large cylinders, say 70 in. diameter, 10 ft. stroke, 

the contraction of diameter is abont f <' at top. 

« " « " i "at bottom 

Shrinkage of lengthis i " inl6in. 

laThinbrass i " 10 " 

« Thick brass i " 12" 

"Zinc A " 12" 

« Lead A " 18 " 

« Copper A " 12 « 

" Tin A " W 
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TO CALCULATB STRENGTH OF PIPES OR OTHER THQl 
CYLINDERS. 

RULB :-— Multiply the inside diameter of the pipe or cylinder in 
inches by the pressure in lbs. per square inch that is to act inside of 
it, and divide the product by 10,000. To this result add a sufficiency 
to insure a good casting, and to enable the pipe to stand handling ; 
and this will give the total thickness. 

Note :~The amount to be added varies with the diameter of the 
pipe. 

On a 4" pipe, and under, allow ^ 

i 

A 
f 
i 
i 
f 

i 

Example : — ^What must be the thickness of a 25 inch cylinder for* 
steam engine, so that it may stand GO lbs. per square inch f 

25 + 60= 1500 -r 10000 = A or ^ of an inch; add to this 
f = i inch + ^. Add another i for reboring. 



6 


u 


over 4" " 


8 


U 


" 6 aUow 


12 


it 


" 8 " 


30 


it 


li 12 " 


48 


« 


" 30 « 


70 


it 


a 48 « 


100 


u 


u 70 « 



MOLESWORTH'S RULE for calculating the necessary thickness 
of metal for cylinders or pipes, is as follows: 

Rule : — ^Multiply the inside diameter of the pipe or cylinder by the 
pressure in lbs. per square inch it is to bear, and divide the product by 
4000. The last product to be increased one half. 

It is to be noted, however, that the rules for calculating the neces- 
sary-thickness of a cylinder to withstand a given pressure, do not 
give the thickness that the pattern maker requires, because the num- 
ber of times allowed for reboring the cylinder, its situation as to its 
being subjected to oxidation, and other similar considerations, have 
cau8e<l the existence in actual practice of greater thicknesses than 
those given by any of the rules ; and in a general way specific kinds 
of cylinders are made to conform in thickness to that which practice 
has demonstrated to suit the requirements of the duty; this latter 
tenn including more than mere strength. 
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TO CALCULATE THE THICKNESS OF METAL FOR CYLIN. 
DEES FOR HYDRAULIC PRESSES. 

Rule : — ^Multiply the constaDt number given below for the niatiTial 
of 'which the cylinder is to be made by the pressuro in ioiib per is(inare 
inch, and by half the internal diameter of the cyiindt.T. 

Example: — ^A 10-inch cylinder is to bear a pressure of 3 tons per 
square inch; what most be its thickness in cast iron if 



CONSTANTS : 

Cast iron '41 

Gtin metal *22 

Wrought iron '14 

Steel -06 J 



^ •41 + 3 = l-23+5 = 615or6l. 



Example : — ^A steel cylinder of 5 inches internal diameter is to bear 
a pressure of 35 tons per square inch ; what must be its thickue&s f 

0^ X 35s= 2-10 X 2-5 = (Ana.) 5*25, or 5i inches. 



TO CALCIILATE the WEIQHT of rims for fly WHEEL& 

£ULB>- 



^_ 2542FS 



' F = Constant force in pounds, or mean force on 
piston ; 
S = Stroke in feet; 
W = Weight in pounds of fly wheel ; 
x= Radius of center of gyration in feet; 
n = No. of revolutions per minute: 
f=-05. 



Multiply the area of the cylinder by the mean pressure on the pis- 
ton in lbs. per square inch, by the stroke in feet, and by 500, and 
divide by the product of the number of revolutions per minute, mul- 
tiplied by the radius of the fly wheel, measured at the inside of the 
rim. 



u» 



Digitized by LjOOQIC 



TABLES OF USEFUL INFORMATION. 



MIXTURES OF METALS. 



CASTINGS FOR | CopiJer. 


Tin. 


Zinc. 


Lead. 


Antim'y- 


IlisiiiuUi. 


Brass bearings 


10 

9 

15 

36 

9 


H 

1 

5 

f 

1 

1 

2 

10 


i 


'i'i 
.... 

2 

1 






HriLfrtS valves 


1 






Boll metal 




\ ellow hrsLns for castings. . . 
Gun metal 


.... 


Fine solder - 




Plumber's solder 

Solder for cast irou 

Babbitt's metnl 


.... 


...: 


Metal to expand in cooling . 


•J 




1 



Metal to heat and cool witbont loss of size or alteration of shape, 
must contain 9 parts of copper and 1 of aluminiom. 



MELTING POINTS OF METALS. 

Cast iron from 1900° to290a' Fahr. 

Antimony 812° 

Lead 620° 

Aluminium 1292° 

Copper 1994<» 

Tin 442° 

Zinc 773° 



WEIGHT OF MATERIALS AND CASTINGS. 

KSTIMATING WEIGHT OF CASTINGS FROM THE WEIGHT OF THE PATTERN. 

In presenting a table wherefrom to estimate the weight of a casting 
from the weight of the pattern, it must be understood that the calcu- 
lation is only approximate ; and in all cases in which there are core 
piints or battens to sustain the pattern^ or other extraneous parts 
which exist upon the pattern and not upon the casting, the weight 
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of these parts mnst be estimated, or calculated, and deducted from the 
weight of the pattern. 



A PATTBRN WRIGHING 1 LR 
AND CAST IN 



Mahogany, Nassan 

" Honduras . 

*' Spanish... 

Pine, Red 

*' White 

*' Yellow 



lbs. 

10-7 
12-9 
8-5 
12-5 
16-7 
141 



WILL WEIGH WHEN CAST IN 

Zinc Copper. Yellow brass Gun metal. 



lbs. 

10-4 
12-7 
8-2 
121 
16-1 
13-6 



12-8 
15-3 
101 
14-9 

19-8 
16-7 



lbs. 

12-2 

14-6 

9-7 

14-2 

19 
16 



lbs. 

125 

loO 

9-9 
14-6 
19-5 
16-5 



WEIGHT OF TIMBER. 



WEIGHT OF 



Ash 

Beech 

Box 

Hornbeam , 

Lignnm-yltjB , 

Mahogany, Nassau . . . 
" Honduras 
** Spanish... 



II 


1^ 


•< 


•< 


lbs. 


lbs. 


45 


•026 


43 


•025 


80 


•046 


47 


•027 


83 


•048 


42 


•024 


35 


•02 


53 


•031 



WEIGHT OP 



Maple 

Oak, Red American . . 
Oak, White American 

Pine, Red 

ti it 

" white"!!^!"!".! 

'* Yellow.".'."."..'."*! 



^4 



lbs. 

•025 

•03 

•028 

•021 

•024 

•015 

•02 

•018 



WEIGHT OP CAST METALS. 



Aluminium 

Antimony 

Copper 

Iron, from 

« to , 

" average 

Lead 

Steel 

Tin 

Zinc 

Gun Metal — 10 copper, 1 tin. . . 

Babbitt metal 

Average composition (bearing), 
brass 



Specific gravity. 



Weight 
per cubic foot. 



256 


159-8 


6^72 


419-5 


8-607 


537-3 


7 . 


437- 


7-6 


474-4 


7-23 


451- 


11-36 


708-5 


8 


499^ 


7-291 


455-1 


7- 


437- 


8-561 


53442 


7-31 


456-32 



524-88 



Weight 
per cubic inch. 



lbs. 

•096 

•242 

•31 

•252 

•273 

•26 

•408 

•288 

•262 

•252 

•308 

•263 

•30375 
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WEIGHT OF CAST IRON PIPES. 



TABLB 



Qfth§ W^hi of Copper BoU$, from \ to 2\ tn. Diamtter, mid it Mki hii§. 



DiunHi. 


PoUDdl. 


DiunMOT. 


faaa^ j 


DiuMtr. 


PttoaAb 




•180 


1 


1008 


laDdl 


6-723 




•906 


S-318 


land A 


6*256 




•425 


H 


9-661 


landi 


6811 


Il 


•670 


1 


8016 


land A 


7*300 




•757 


landiV 


3-417 


landf 


7*033 


A 


•058 


land} 


3*831 


land} 


0270 




M83 


landfV 


4*960 


land} 


10-643 


H 


f431 


land^ 


4-730 


2 


12061 




1-703 


land A 


5*314 


9and) 


13668 



TABLE 

Cf Alt Weighi of a Lmoal Foot of Cast Iron Pipw^ m Of ^ from I mck to 
30 incheM Bore. 



B^ 


Thiekn... 


Wd«bu 


Bore. 


ThilbMH. 


Wdghc 


Bon. 


TUeknBM. 


WeighU 


LmW 


loebM. 


Poanda. 


lochM. 


Inebea. 


PoUBdl. 


InohM. 


InebM. 


Pouxta. 


1 




306 

505 


31 




20 90 
26-83 


7 




63-18 
36-66 


U 




3-67 
6- 


4 




3307 
2205 






46-80 
56 96 


11 




6-80 
0-80 






28-38 
34-94 






67-60 
78-39 


If 




7-80 
1104 


4i 




23 85 

29-85 


71 




39-22 
49-92 


8 




8-74 
12-28 


4» 




36-73 
24-49 






60-48 
71-76 


S« 




0-65 
13-48 






81-40 
88-58 


8 




83-28 
41-64 


21 




10-57 
14-66 
19-05 


41 




26-70 
82-91 
40-48 






52-68 
64-27 
76-12 


Si 




11-54 
15-91 
20-59 


6 




26-94 
84-84 
42-28 


81 




88-20 
44-11 
56-16 


8 




12-28 
1715 
2215 


51 




29-40 
37-44 
45-94 






68- 
80-50 
93 28 






27 56 


6 




3182 


9 




46 50 


8* 




18 40 
23 72 
29 64 






40 56 
49 60 
58 96 






58 92 
71-70 
84-70 


31 




1966 


6» 




34 32 






97-98 






25 27 






43 68 


8| 




48 98 






31-20 






53 80 


1 




6202 



* NoTC :— These weights do not iuolu^e on^ allowance for Bpi^t aD4 
teooet enOa. 
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' Bo.. 


n^tom. 


Wdghu 


ikn. 


ThieknaM. 


wdghu 


' B<n. 


ta&Sli^ 


Wd^kL- 


'liiehM. 


Inches. 


Poood.. 


Inehat. 


Inebet. 


Poond.. 


Inehai. 


laohM 


Pound.. 


9» 




7532 

88-98 

102 90 


14 




89-61 
108-46 
127-60 


19 


1 


145-20 
170-47 
19592 


10 




51-46 
6508 
78 99 
93 24 
108-84 


14» 




14703 

73-72 

92-66 

11210 

13186 


20 
21 




126 33 
152-53 
179-02 
205 80 
132-50 


101 




53-88 
68-14 
82-68 
97-44 
112-68 


15 




151-92 

75-96 

95-72 

115-78 

136-15 


22 




159-84 
187-60 
215-52 
138-60 
167-24 


11 




56-34 

7119 

86-40 

101-83 

117-60 


161 




156-82 

78-40 

98-78 

119-48 

140-40 


23 




196-46 
225-38 
144-77 
174-63 
204-78 


111 




58-82 






161-82 






235-28 






74-28 


16 




80-87 


24 




150-86 






90-06 






101-82 






181-92 






106-14 






123-14 






213-28 






122-62 






144-76 






24508 


12 




61-26 

77-36 

93-70 

110-48 

127-42 


164 




166-60 
83-30 
104-82 
126-79 
14902 


25 
26 




156-97 
189-28 
221-94 
254-86 
196-62 


W 




63-70 

80-40 

97-40 

114-72 

132-35 


17 




171-60 
85-73 
107-96 
130-48 
153-30 


27 




230-5« 
264-66 
204-04 
23908 
274-56 


13 




6614 
83-46 
101-08 
118-97 
137-28 


17i 




176-58 
88-23 
111-06 
134-16 
157-59 


28 

29 




211-32 
247-63 
284-28 
218-70 
266-20 


18| 




68-64 






181-33 






294-02 






86-55 


18 




114-10 


30 




226-20 






104-76 






137-84 






264-79 






123-30 






161-90 




1 


303-86 






14216 






186-24 




u 


343-20 


14 




7107 


19 


f 


120-24 








Th6 above table is fo 


und to be of great use 


in making out correct 


attlmati 


98 of ca 


i8t iron 1 


Hpes. 


For \m 


stance, e 


uppose i 


1 18 req 


uired to 



]diow the weight Qf a range of pipes, 324 feet long, 8i inches diam- 
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WEIGHT OF DIFFERENT METALS. 



eter of bore, and metal I of an inch thick. The table showi Hkm 
weight of 1 foot of each pipe to be 56*16 lbs : 

Then, 56*16x324=18195*84 lbs., or 9iV tons, yery nearly. 

TABLE, 

ShmBmg A» Wmghi <f SoUd CyUnden of Ca$t Inm^ 12 mcsAw bnf, ii 

AvoirStpou Pound9. 



SSSl 


!«• 


inlnehM. 


^•r 


iulaehML 


S^ff 


inlnebcs. 


IIS^ 




1*394 


^ft 


16-492 


44 


50-193 


8 


158-638 




1-897 


2f 


17-080 


41 


55-926 


84 


179087 


I in. 


2-478 


21 


18-745 


5 


61-968 


9 


200-774 




3137 


2i 


20-488 


54 


68-319 


94 


223-704 




3-873 


3 


22-308 


54 


74-981 


10 


247-872 




4-686 


3| 


24-206 


5| 


81-952 


104 


273-278 




6-577 


3i 


26181 


6 


89-234 


11 


299 925 




6-545 


3| 


28-234 


64 


96825 


114 


327-811 




7-591 


3i 


30-364 


64 


104-726 


12 


356-935 




8-714 


3| 


32-572 


6f 


112-936 


13 


418-903 


s 


9-915 


3f 


34-867 


7 


121-457 


14 


485-830 


31 


11-193 


3| 


37-219 


74 


130-287 


15 


657-712 


«» 


12-548 


4 


39-660 


74 


139-428 


16 


634-552 


2| 


13-981 


4* 


44-771 


74 


148-878 







NoTi. Cubic inches of cast iron X "263 =lbs. avoirdupois. 
Circular inches of cast iron X '2065= lbs. aToirdapoi& 



l^owmg th§ Ct^^aeiiy and 



TABLE, 
Weight of Coat Inn and Lead BalU, from 1 Mk U 
84 Diameter. 



DSST 


<£affiiL 


cmW 


Lead 


£3icSss?iiaii 


GMtlroa 


LmA 


iaelMi. 


Poonda. 


Paand*. 


Poand* 


Poan^ 


1 


-523 


•136 


•215 


5 


65-450 


17-063 


26-843 


H 


1-767 


•461 


•725 


H 


87-114 


22-721 


35-729 


2 


1-189 


1-092 


1-718 


6* 


113 097 


29-484 


46-385 


n 


8-181 


2-133 


3-355 


^ 


143-793 


37-453 


58-976 


? 


14-137 


3-685 


5-798 


1 


179-594 


46-820 


73-659 


3i 


22-449 


5-852 


9-207 


7i 


220-893 


57-587 


90-598 


4 


33-510 


8-736 


13-744 


8^ 


268-082 


69-889 


109-552 


iL 


47-713 


12-439 


19-569 


8i 


321-555 


83-840 


131-883 



TABLE, 
Showing the Number of NaUe and Spikea to the Pound, of Varwua SSaee, * 
manufactured at the Troy Iron and Nail Factory, N Y, 



■ 8te«r 


Naio 


Bom 


bi»».i«r 


NaSpika. 


Ship 


Diuneiv 


NaSpft. 


Nmil& 


thtib. 


Bpitm. 


or Rod. 


toUiclb. 


BpikL 


of Rod. 


lothtlb. 


3 penny 


600 


No. 4 


4 


13 


No. 4 


1% 


8 


4 " 


360 


•• 5 


A 


8 


« 5 


1 


6 


6 •• 


200 


« 6 


♦ 


6 


" 6 


1 


6 


8 " 


110 


•« 7 


1 


4 


ii 7 


1 


34 


10 " 


88 








•* 8 


J 


3 


12 " 


68 








" 9 


A 


3 


20 " 


40 






"10 


* 


14 
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WEIGHT OF A FOOT IX LENGTH OF FLAT CAST IRON. 



Width of 


Thick, 


Thick. 


Thick, 


Thick, 


Thick, 


Thick. 


Thick. 


iron. 


z-4th inch. 


3-8th inch. 


i-a inch. 


S-8U1 inch. 


3.401 inch. 


7-8th inch. 


I inch. 


Inches. 


Pounds. 


Pounds. 


Pounds. 


Pounds. 


Pounds. 


Pounds. 


Pounds. 


2 


1-56 


2-34 


312 


3-90 


4-68 


5-46 


6-25 


3i 


1-75 


2-63 


3-51 


4-39 


5-27 


615 


7-03 


^ 


1-95 


2-92 


3-90 


4-88 


5-86 


6-83 


7-81 


2} 


214 


3-22 


4-29 


5-37 


6-44 


7-61 


8-59 


3 


2-34 


3-51 


4-68 


5-85 


7-03 


8-20 


9-37 


31 


2-53 


3-80 


507 


6-34 


7-61 


8-88 


1015 


3+ 


273 


410 


5-46 


6-83 


8-20 


9-57 


10-93 


3f 


2-93 


4-39 


5-85 


7-32 


8-78 


10-25 


11-71 


4 


312 


4-68 


6-25 


7-81 


9-37 


10-93 


12-50 


4i 


3-32 


4-97 


6-64 


8-30 


9-96 


11-62 


13-28 


4i 


.^•51 


5-27 


7-03 


8-78 . 


10-54 


12-30 


1406 


4f 


3-71 


5-56 


7-42 


9-27 


1113 


12-9S 


14-84 


5 


3-90 


5-86 


7-81 


9-76 


11-71 


13-67 


15-62 


5} 


410 


6-15 


8-20 


10-25 


12-30 


14-35 


16-40 


5 
^1 


4-^9 


6-44 


8-59 


10-74 


12-89 


1503 


17-18 


4-49 


6-73 


8-98 


11-23 


13-46 


15-72 


17-96 


6 


4-68 


703 


9-37 


11-71 


140G 


16-40 


18-75 



TABLE 

OF THE KELATIVB WEIGHT AND STRENGTH OF ROPES AND CHAINS, 



i 


1 

1 


e 


f 


8. 


II 


1 
1 


s. 


1 

1 




e 






1 

:: 


s 


1 


^1 

e 


; 


f 


f 


cr 




s 


ts 


s 


8 


Indies. 


lbs. 


B 


9 





inches. 


llM. 


inches. 


lbs. 


tuns. rwta. 


IncliM. 


lbs. 


tons. cwts. 


4i 


2i 


-fr 


5} 


1 5i: 


10 


23 


* 


43 


10 


4 


I 


8- 


1 lC>i 


10 


r28 


H 


49 


11 11 


5 


r J 


lOJ^ 


2 10 


11 


m 


1 


r.6 


13 8 


a 


7 


A 


14 


3 H 

4 3i 


12 


36 


H, 


63 


14 18 


t?i 


18 


13 


:^ 


14 


71 


16 14 


7 


* 


22 


5 2 


13} 


45 


If 


79 


18 11 


8 


i/> 


H 


27 


6 4i 


14^ 


4rft 


87 


"ZO 8 


4 


19 


h 


32 


7 7 , 


154- 


56 


lA- 


96 


22 13 


21 


37 


8 13i 


16 


60 


If 


106 


24 18 



Digitized by LjOOQIC 



TABLE 

or 

THE WEIGHT, IN LBa 
Of afoot in length of Coat horn* 



TABLE 



THE WEIGHT OP A CUBIC FOOT OP VARIOUS SUBSTANCES^ 
In eommon use for BuUding. 

Sand (solid) II25 

" (looie) 95 

E&rth 9375 

Common soil 134 

Strung floil ]?7 

Clay ]30tol35 

Clay and iloiie 158 

Brick ]]9 

Gmnita 169 

Marble inOtolW 

Sand, 1 cubic yard, 3(Kr7 

Common soil, 1 cubic yard, 
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WKIGHT OF WIRE — PKR LINEAL FOOT. 



AmniOMi 


Size of eiich 
namber. 


Wrought 
Irou. 


Steel. 


Copper. 


Br«M. 


Noa. 


Inch. 


lbs. 


Ita. 


lb.. 


n». 


QOOO 


.46000 


.660740 


.566030 


.640513 


.605176 


000 


.40964 


.444683 


.448879 


.507946 


.479908 


00 


.36480 


.362659 


.355986 


.402830 


.380666 





.32495 


.279665 


.282303 


.319451 


.301816 


1 


.28930 


.221789 


.223891 


.253342 


.239353 


2 


.25763 


.175888 


.177648 


.200911 


.189818 


3 


.22942 


.139480 


.140796 


.159323 


.150522 


4 


.20431 


.110616 


.111660 


.126353 


.119376 


5 


.18194 


.087720 


.088648 


.100200 


.094666 


6 


.16202 


.069566 


.070221 


,079462 


.075075 


7 


.14428 


.055166 


.056686 


.063013 


.059546 


8 


.12849 


.043751 


.044164 


.049976 


.047219 


9 


.11443 


.034699 


.036026 


.039686 


.037437 


10 


.10189 


.027512 


.027772 


.031426 


.029687 


11 


.090742 


.021820 


.022026 


.024924 


.023549 


12 


.080808 


.017304 


.017468 


.019766 


.018676 


13 


.071961 


.013722 


.013861 


.015674 


.014809 


U 


.064084 


.010886 


.010989 


.012435 


.011746 


15 


.057068 


.008631 


.008712 


.009859 


.009316 


16 


.050820 


.006845 


.006909 


.007819 


.007587 


17 


.046257 


.005427 


.006478 


.006199 


.005867 


18 


.040303 


.004304 


.004344 


.004916 


.004645 


19 


.035390 


.003413 


.003445 


.003899 


.003684 


20 


.031961 


.002708 


.002734 


.003094 


.002920 


21 


.028462 


.002147 


.002167 


.002452 


.002317 


22 


.025347 


.001703 


.001719 


.001945 


.001838 


23 


.022571 


.001350 


.001363 


.001642 


.001467 


24 


.020100 


.001071 


.001081 


.001223 


.001156 


25 


.017900 


.0008491 


.0008571 


.0009699 


.0009163 


26 


.01594 


.0006734 


.0006797 • 


.0007692 


.0007267 


27 


.014195 


.0005340 


.0005391 


.0006099 


.0005763 


28 


.012641 


.0004235 


.0004276 


.0004837 


.0004570 


29 


.011257 


.0003358 


.0003389 


.0003835 


.0003624 


30 


.010025 


.0002663 


.0002688 


.0003042 


.0002874 


31 


.008928 


.0002113 


.0002132 


.0002413 


.0002280 


32 


.007950 


.0001675 


.0001691 


.0001913 


.0001808 


33 


.007080 


.0001328 


.0001341 


.0001517 


.0001434 


34 


.006304 


.0001053 


.0001063 


.0001204 


.0001137 


35 


.005614 


.00008366 


.00008446 


.0000956 


.00009015 


36 


.005000 


.00006625 


.00006687 . 


.0000757 


.0000715 


37 


.004453 


.00005255 


.00006304 


.00006003 


.00005671 


38 


.003965 


.00004166 


.00004205 


.00004768 


.0OOOU96 


39 


.003531 


• .00003305 


.00003336 


.00003776 


.00003566 


40 


.003144 


.§0002620 


.00002644 


.00002992 


.00002827 


FOOT 




485.87 


490.45 


654.988 


624.16 









The specific gravities to determine the weights, were taken and 
iLade by CiiAS. H. Haswell. 



II** 
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WEIGHT OF METAL PJLATES. 



WKIGHT OP METAL PLATES — PER SQUARE FOOT. 



Amerloan 


Wrought Iron. 


Bteel. 


Copper. 


Brass. 


Nob. 


IbB. 


lbs. 


Ibe. 


lbs. 


0000 


17.25 


17.48 


20.838 


19.688 


000 


15.3615 


15.5663 


18.6667 


17.5326 


00 


13.68 


13.8624 


16.5254 


16.6134 





12.1823 


12.3447 


14.7162 


13.904 




10.8488 


10.9934 


13.1053 


12.382 




9.6611 


9.7899 


11.6706 


11.0266 




8.6033 


8.7180 


10.3927 


9.8192 




7.6616 


7.7638 


9.2662 


8.7445 




6.8228 


6.9137 


8.2419 


7.787 




6.0758 


6.1668 


7.3396 


6.9845 




5.4105 


5.4826 


6.6369 


6.1752 




4.8184 ^ 


4.8826 


5.8206 


6.4994 




4.2911 


4.3483 


6.1837 


4.8976 




3.8209 


< 3.8718 


4.6166 


• 4.3609 




3.4028 


3.4482 


4.1106 


3.8838 




3.0303 


3.0707 


3.6606 


3.4586 




2.9985 


2.7345 


3.2598 


3.0799 




2.4032 


2.4352 


2.y030 


2.7428 




2.1401 


2.1686 


2.5862 


2.4425 




1.9058 


1.9312 


2.3021 


2.1761 




1.6971 


1.7198 


2.0501 


1.937 


18 


1.6114 


1.5315 


1.8257 


1.726 


19 


1.3469 


1.3638 


1.6258 


1.5361 


20 


1.1985 


1.2146 


1.4478 


1.3679 


21 


1.0673 


1.0816 


1.2893 


1.2182 


22 


.96051 


.96319 


1.1482 


1.0849 


23 


.84641 


.8677 


1.0225 


.96604 


24 


.75375 


.7638 


.91053 


.86028 


25 


.67125 


.6802 


.81087 


.76612 


26 


.59776 


.60572 


.72208 


.68223 


27 


.53231 


.63941 


.64303 


.60756 


28 


.47404 


.48036 


.67264 


.64103 


29 


.42214 


.42777 


.60994 


.48180 


80 


.37594 


.88095 


.46413 


.42907 


31 


.3348 


.33926 


.40444 


.38212 


32 


.29813 


.3021 


.36014 


.34026 


33 


.2665 


.26904 


.32072 


.30302 


34 


.2364 


.23956 


.28557 


.26981 


36 


.21053 


.21333 


.25431 


.24028 


36 


.1875 


.19 


.2265 


.2140 


37 


.16699 


.16921 


.20172 


.19069 


38 


.14869 


.15067 


;17961 


.1697 


39 


.13241 


.13418 


.15995 


.15113 


40 


.1179 


.11947 


.14242 


.13456 
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TABLE 

SHOWING THE WEIGHT OF WATER IN PIPES FOR VARIOUS DIAMETERS 
ONE FOOT IN LENGTH. 



IMameter 
In InohM. 



3 

n 

4 
5 



5} 
6 



81 
9 



In rodntto. 



9 

9| 
10 
lOj 
lOi 
loj 
11 
Hi 



Diameter 
in lncta«i. 



lit 

12 

12} 
13 
13t 
13i 
13} 
14 
14i 
14i 
14} 
15 

1&} 
16 

m 

16i 
16} 
17 

m 
m 

17} 
18 
I8i 
18i 
18J 
19 

19} 



Welffht 
ta Ponndfl. 



45 
47 

49 
51 



57i 
59} 
62i 
64i 
66i 

eat 

71i 
74i 

82 
84i 
87i 
90 
92i 
95i 
9&i 
lOli 
104i 
107i 
llOi 
113i 
llGi 
119} 
123 
126i 
129i 
132 



Diameter 
In 



20 

20i 

21 

2H 

22 

22i 

23 

23i 

24 

24i 

25 

25i 

26 

26^ 

27 

27i 

28 

28i 

29 

29i 

30 

30^ 

31 

31i 

32 

32i 

33 

33i 

34 

34i 

35 

3:.i 

36 



Weight 
in Pounds. 
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UNITED STATES WEIGHTS AND MEASURES. 



MEASURE OF LBX6TH. 



40 rods or 220 yds. = 1 furloDg. 
60 geo. miles es j 



3 barleycorns - = 1 inch. 
12 inches - - - = 1 foot. 

3 feet - - - =1 yard. 
5i yards or 16J ft. = 1 rod or pole. 

Bopes and Cables, 

6 feet = 1 fathom. 
120 fathoms = 1 cable's length. 

SPECIAL MEASURE OF LENGTH. 

Land Measure. 

7*92 inches - - - = 1 link. 
100 links or 22 yards = 1 chain. 
80 chains - - - = 1 mile. 
60-121 miles • - - - = 1 geographical degree. 

Nautical Measure. 

1 nautical mile = 6082*66 feet. 
3 miles = 1 league. 

20 leagues = 1 degree. 

360 degrees = the earth's circumference. 

NoTE.—Bowditch gives 6120 feet in a sea mile, which, if taken as the length, 
will make the divisions 51 feet and 5 l-io feet for the knot and fathom. 

Pendulums. 

6 points = 1 line. 
12 lines = 1 inch. 



2\ inches 
4 nails 
4 quarters 



CLOTH MEASURE. 

1 nail. 
1 quarter. 
1 yard. 



3 quarters = 1 Flemish ell. 

5 quarters = 1 English elL 

6 quarters = 1 French ell. 



COMPARATIVE MEASURE OF LENGTH. 



3 miles = 1 league, marked lea. 
2} " =1 French league. 

3} " = 1 Spanish league. 

4 " = 1 German mile. 
31 « = 1 Dutch mile. 



li mile = 1 Italian mile. 

If " =1 Russian verst. 
1 A " = 1 Scotch mile. 
1^ " =1 Irish mile. 
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WEIGHTS AND MEASURES. 261 

MEASURE OP SURFACE, OR SQUARE MEASURE. 



144 square inches = ] 


. square foot. 


9 


feet = ] 


" yard. 


272i " 


(eet =] 


L ** rod or pole. 


30i *' 


yards = 


I " pole. 


40 " 


rods = 


L " rood. 


4 " 


roods = 


" acre. 


640 « 


acres = ] 


L '' mile. 



SPECIAL MEASURE OF SURFACE. 

For Land, 

62*7264 square inches = 1 square link. 
10,000 " links =1 '' chain. 

10 " chains = 1 acre. 

Note.— By these tables, land measure and artificers' work are computed. 



MEASURE OF SOLIDITY, OR CUBIC MEASURE. 

1728 cubic inches -.--. = 1 cubic foot. 
27 " feet .---. = 1 cubic yard. 
50 " " of round timber = 1 ton. 
40 " " of hewn " =1 ton. 
40 " ** of shipping " =1 ton. 

16 " " =1 cord foot. 

8 cord feet or 128 cubic feet = 1 cord of wood. 

Note.— A cubic foot Is equal to 2200 eylindrieal inches, or 8300 spherical 
inches, or 6600 conical inches. A cubic foot of water equals 62^ lbs. ; a 
cylindrical foot equals 49'1 ; a cubic inch, equals "OSeiT lbs. ; a cylindrical 
inch equals '02642 lbs. 



WEIGHTS AND MEASURES. 

Dry Mectsure, 

2 pints = 1 qnart. 8 quarts = 1 peck. 

4 quarts = 1 gallon. I 4 pecks = 1 bushel. 



U. 8. AND IMPERIAL (BRITISH) MEASURES. 

1 qnarter of wheat =: 8 bushels. 

231 cnbio inches = 1 Winchester or U. S. gallon. 

282 « " =1 « ale gallon. 

2150-42 " " =1 " or U. S. bushel. 

277*274 ** " =1 Imperial gallon, for dry, beer, and wine. 
2218-192 « " =1 ** bushel. 

NOTK.— The Winchester bushel (so called because the standard measures 
were kept at Winchester) is 18^ inches diameter, and 8 Inches deep, and con- 
tains 2150*42 cubic inches. 
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WEIGHTS AND MEASURES. 



MISCKLLANEOUS MEASURE. 

For Various Purposes, 

1 chaldron = 36 bushels, or 57'25 cubic feet, 

1 |»ercii of stone = 16^ cubic feet. 

1 hand = 4 inches. 

1 span = 9 inches. 

1 cubic foot of anthracite coal, 

1 " " bituminous coal, 

1 ** " Cumberland coa], " 

1 " " charcoal, (hard wood) " 

1 « <» « (pine) " 



weighs from 50 to 55 lbs. 
u a 42 it 55 u 

53 " 

18-5 « 

18 « 



MEASURES OF WRIGHT.— TROY. 

Bif which Gold, Silver , and Precious Stones are weigheA, 

24 grains = 1 pennyweight. 

20 X)enny weights = 1 ouuce. 
1*2 ounces = 1 pound. 

Note.— An ounce of gold is divided into 24 equal parts, called carats, and 
an ounce of silver into 20 parts, called penny weights ; therefore, to dSstingQish 
liueneBS of metals, such gold as will abide the lire, without loss, is accounted 
24 carats line ; if i t lose 2 carats in trial, i t is called 22 carats fine, &c. A pound 
of silver which loses nothing in trial is 12 ounces fine; but if it lose 3 penny- 
weights, it is 11 ounces 17 pennyweights flue, &o. 



AVOIRDUPOIS, OR THE GENERAL MEASURES OF WEIGHT. 



274i Troy grains = 1 dram. 
16 drams = 1 ouuce. 

16 ounces = 1 pound. 

1 lb. avoir. 
1 oz. " 
1 dr. « 
7C00 troy grains 
5760 " " 
175 " pounds 
175 " ounces 
437i " grains 
1 " pound 



28 pounds = 1 quarter, 
4 quarters = 1 cwt. 

20 cwt. =3 1 ton. 

= 14 oz. 11 pwt. 16 gr. troy, 
=^ 18 ** 5i " " 

= 1 " 3\i " " 

= 1 lb. avoirdupois. 

= 1 lb. troy. 

= 144 lbs. avoirdupois. 

= 192 oz. " 

= 1 oz. " 

= •82281b. " 



THE RELATIVE VALUE OP TROY AND AVOIRDUPOIS WEIGHTS.* 



Troy lb. 
Avoir, lb. 


1 
0-823 


2 
1-646 


3 
2-469 


4 
3-291 


5 
4-114 


6 
4-937 


7 
5-760 


8 
6-583 


9 
7*406 


Avoir lb. 
Troy lb. 


1 
1-215 


2 
2-431 


3 
3-646 


4 
4-861 


6 1 6 
6-076 1 7-292 


7 
8-507 


8 
9-722 


9 
10-937 



* By comparing the number of grains in the advoirdupois and troy pound 
and ounce, re8pectively,itappear8thatthetioy pound in less than the avoir- 
dupois in the proportion of 14 to 17.0138; but the troy oune« is greater than 
the avoirdui>oisin the proportion of 79 to 72. Hence, the following approx- 
imating rules for chan^ng avoirdupois weight to troy, and troy toadvcurdu* 
pois, will often be found very convenient and useful. 
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ALE AM) BEER MEASURE. 

Pints. 

'^ — 1 quart. 
8 = 4 = 1 gallon. 
72= 36= 9= 1 firkin. 
144 = 72 = 18 = 2 = 1 kilderkin. 
288 = 144 = 36 = 4 = 2 = 1 barrel. 
432 = 216 = 54 = 6 = 3 = li = 1 hogshead. 
f,76 = 288 = 72 = 8 = 4 = 2 = li = 1 puncheon. 
864 = 432 = 108 = 12 = 6 = 3 =2 = 1^ = 1 butt. 

The standard U. S. gallon measures 231 cubic inches, and contains 
8-3388822 pounds avoirdupois = 58372-1757 grains troy, of distilled 
water, at its maximum density 39-83o Fahrenheit, and 30 inches ba- 
rometer height. 



WINE MEASURE. 

Pints. 

2 = 1 quart. 

8= 4= 1 gallon. 

336= 168= 42=1 tierce. 

504 = 252 = 63 = li = 1 hogshead. 

672 = 336 = 84 = 2 = 1^ = 1 puncheon. 
1008 = 504 = 126 = 3 =2 = li = 1 pipe. 
2016 = 1008 = 252 = 6 =4 =3 = 2 = 1 ton. 

The English Imperial gallon measures 277-274 cubic inches, contain- 
ing 10 lbs. avoirdupois of distilled water, weighed in air, at the tem- 
perature of 62**, the barometer at 30 inches. 



SQUARE MEASURE. 
Inches. Feet. Yards. Rods. Roods. Acres. Square mMns. 

1=.00694 =.000772 =.0000255=. 00000064= .000000159= .000645 
144= 1 =.111 =.00376 =.0000918 = .000023 =.C9i9 
1296= 9 = 1 =.0331 =.000826 = .0002062 = .8361 

39204= 272i= 30i= 1=.025 =.00625 =25.292 

1568160=10890= 1210= 40=1 =.25 =1011.7 

6272640=43560= 4840= 160=4 =1 =4046.7 



CUBIC MEASURE. 

Inches. Feet. Yards. Cubic metre. 
1= .0005786= .000002144 = .000016386 
1728= 1 = .03704 =.028315 
46656 = 27 =1 = .764513 



Digitized by LjOOQIC 



2C4 



WEIGHTS AND MEASURES. 



USEFUL NUMBERS IN CALCULATING WEIGHTS AND MEASURES, ETC. 



Square inches 


X 


•007 


= 


square feet 


Circular iuclies 


X 


•00546 


:= 


U (( 


Square feet 


X 


•111 


=s 


square yards 


Cube feet 


X 


7-48 


= 


U. S. gallons 


Cube inehes 


X 


5004329 


^ 


t( t( 


Cylindrical inches 


X 


•0034 


= 


u u 


U. S. gallons 


X 


•13367 


= 


cube feet 



CUBIC; OR SOLID MEASURE. 

To find the Cubical Contents in a Stick of Tlnhber. 

If all the dimensions are in feet, multiply the length by the 
breadth, and this product by the depth, to obtain the number of cubic 
feet. 

•If the length is in feet and the width and depth in inches, multi- 
ply the length by the width, and this product by the depth in inches ; 
then divide the last product by 144 for the cubic feet. 

If all the dimensions are in feet and inches, reduce the whole to 
Inches ; then multiply the length, breadth and depth together, and 
divide the product by 1728, to obtain the cubic feet. 



FOREIGN MEASURES OP LENGTH COMPARED WITH AMERICAN. 



Places. 


Ueunires. 


Inches. 


riaces. 


Mcaaurcs. 


Inches. 


Amsterdaui, 


Foot 


11 -u 

11-24 

11-42 

12-19 

11-38 

11-46 

1312 

12-71 

13-32 

12-58 

12 36 

11-14 

12-00 

21-69 

12-79 

81-381 

19-20 

9-72 
11-29 
11-45 
11-11 
12-96 

8-64 


Malta 

Moscow... 

Naples 

Prussia . . . 
Persia .... 
Rhineland 

Riga 

Rome 

Russia .... 
Sardinia . . 

Sicily 

Spain 

tt 

tt 
Strasburg! 
Sweden . . . 

Turin 

Venice — 

Vienna 

Zmicli .... 
Utrecht... 
Warsaw .. 


Foot 


11*17 


Antwerp . . . 






13-17 


Bavaria 

Berlin 


«t 


Palmo 


10*38 


*t 


Foot 


12-36 


Bremen ... 


*t 


Arish 


88-27 


Brussels 


*t 


Foot 


12*35 


Ciiina 


** mathematlo 
" builder's . . . 
" tradesman's 
" surveyor's. . 


tt 


10*79 




(i 


11-60 


it 


tt 


13-76 


tt 


Palmo 


9*78 


Copenhagen 
Dresden 




9*53 


« 


Foot 


1103 


England 


*t 


Toesas 


66*72 


Florence . . . 


Braccio 

PieddeRol.... 
Metre 


Palmo 


8*64 


France 


Foot 


11-39 


<i 




11-69 


Oeneva .... 


Foot 


tt 


12*72 


Genoa 


Palmo 


tt 


13-40 


Hamburg .. 


Foot 


** 


12-46 


Hanover 


«< 


<< 


11*81 


Lelpsic 


it 


<i 


10*74 


T.ifllioi^ , , , 


«. 


tt 


14 03 


« 


Palmo 
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The French unit of length, called the metre, has been taken as be- 
ing the ten millionth part of the quadrant of a meridian passing 
through Paris ; that is to say, the ten-millionth part of the distance 
between the equator and the pole, measured through Paris. It is 
eqnal to 39-3707898 inches. The metre is divided into one thousand 
millimetres, one hundred centimetres, and ten decimeters ; while a 
aecameter is t«n metres; a hectometre one hundred metres, a kilo- 
metre one thousand metres, and a myriametre ten thousand metres. 
The following table gives the value of these measurements in English 
inches and yards : 





In English Inches. 


In English Tarda. 


Millimetpe 


0-03937 

0-39371 

3-93708 

39-37079 

393-70790 

3937-07900 

39370-79000 

393707-90000 


0-0010936 


Centimetre 


00109363 


Decimetre 


0-1093633 


Metre 


1-0936331 


Decametre 


10-9363310 


Hectometre 


109-3633100 


Kilometre 


1093-6331000 


Myriametre 


10936-3310000 




^ • 



One English yard is equal to 0*91438 metre; while one mile is equal 
to 1-60931 kilometres. 

Unit of Surface, — For the unit of surface, the square inch, foot, and 
yard adopted in this country and in England are replaced in the met- 
ric system by the square millimetre, centimetre, decimetre, and metre. 

1 square metre = 1-1960333 square yards. 

1 square inch = 6-4513669 square centimetres. 

1 square foot = 9-2899683 square decimetres. 

1 square yard = 0-83609715 square metre. 

CONVERSION OF ENGLISH INCHES INTO CENTIMETRES. 



lucbes. 


0' 


1 


3 


4 


5 1 « 


3 


8 


9 




Ct.Mt 


Ct Mt. 


Ct. Mt. 


Ct. Mt. 


Ct. Mt. 


Ct.Mt. 


Ct. Mt. 


Ct. Mt. 


Ct.Mt. 


Ct. Mt. 





0-000 


2-540 


5-080 


7-620 


10-16 


12-70 


15-24 


17-78 


20.32 


22.86 


10 


25-40 


27-tO 


30-48 


83-02 


35-56 


88-10 


40-64 


43-18 


45-72 


48-26 


20 


60-80 


63-34 


65-88 


68-42 


60-96 


63-50 


66-04 


68-i58 


71-12 


73-66 


30 


76-20 


78-74 


81-28 


83-82 


86-36 


88-90 


91-44 


93-98 


96-52 


99-06 


iO 


101-60 


104-14 


106-68 


109-22 


111-76 


114-30 


116-84 


119-38 


121-92 


124-46 


50 


127.00 


12^54 


132-08 


134-62 


137-16 


139-70 


142-24 


144-78 


147-32 


149-86 


60 


152-40 


154-94 


157-48 


160-02 


162-56 


165-10 


167-64 


170-18 


172-72 


175-26 


70 


177.80 


180-34 


182-88 


185-42 


187-96 


190-50 


193-04 


195-58 


198-12 


200-96 


80 


203-20 


205 74 


208-28 


210-82 


213-36 


215-90 


218-44 


220-98 


223-52 


226-06 


90 


228-60 


23114 


233-68 


236-22 


238-76 


241-30 


243-84 


246-38 


248-92 


251-46 


100 


254.00 


256.54 


259-08 


261-62 


264-16 


266-70 


269-24 


271-78 


274-32 


276-85 



12 
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CONVERSION OF CENTIMETRES INTO ENGLISH INCHES. 



Ct.Mt. 





1 


a 


S 


4 


fi 


6 


1 


8 


9 




Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


ches. 


Inches. 


Inches. 


Q 


0-000 


0*394 


0-787 


1-181 


1-675 


1-969 


2-362 


2-756 


8150 


3-543 


10 


3-937 


4-331 


4-742 


5-118 


«-512 


5-906 


6-299 


6'693 


7-087 


.7-480 


20 


7-874 


8-268 


8-662 


9 055 


9-449 


9-843 


10-236 


10-630 


11-024 


11-418 


80 


11-811 


12-205 


12-599 


12-992 


13-386 


13-780 


14-173 


14-567 


14-961 


15-355 


40 


15-748 


16-142 


16-536 


16-929 


11 "623 


17-717 


18-111 


18-504 


18-898 


19-292 


60 


iy-G85 


20 ();y 


20-473 


20-867 


21-260 


21-654 


22-048 


22-441 


22-835 


23-229 


60 


23-622 


24 016 


24-410 


24-804 


25197 


25-091 


25-985 


26-378 


26-772 


27-166 


70 


27-500 


27-953 


28-347 


28-741 


29-134 


29-528 


29-922 


80-316 


80-709 


31-103 


80 


31-497 


31-890 


32-284 


82-678 


83-071 


33-466 


33-859 


84-253 


34-646 


35-040 


90 


35-434 


35-827 


36-221 


86-615 


37-(K)9 


37-402 


37-796 


38-190 


38-583 


88-977 


100 


39-370 


39-764 


40-158 


40-552 


40-945 


41.339 


41-733 


42-126 


42-620 


42-914 



CONVERSION OP ENGUSH FEET INTO METRES. 



Feet 





1 


a 


s 


4 


fi 


6 


7 


8 


» 




Met. 


Met. 


Met. 


Met. 


Met. 


Met. 


Met.. 


Met. 


Met. 


Met. 





0.000 


0-3048 


0-60D6 


0-9144 


1-2192 


1-5239 


1-8887 


2-1335 


2-4383 


2-7431 


10 


3-0479 


3-3527 


3-6575 


8-9623 


4-2671 


4-5719 


4-8767 


6-1815 


6-4863 


6-7911 


20 


6-0359 


6-4006 


6-7055 


7-0102 


7-3150 


7-6198 


7-9246 


8-2294 


8-5342 


8-8390 


SO 


9-1438 


9-4486 


9-7534 


10058 


10-363 


10-668 


10-972 


11-277 


11-582 


11-887 


40 


12-192 


12 496 


12-801 


13106 


13-411 


13-716 


14-0-20 


14-3-25 


14-630 


14-935 


50 


15-239 


15-544 


15-849 


16-154 


16-459 


16-763 


17-068 


1.-373 


17-678 


17-983 


60 


18-287 


18-592 


18-897 


19-202 


19-507 


19-811 


20-116 


20-421 


20-726 


21-031 


70 


21-335 


21-640 


21-945 


22-250 


22-555 


22-859 


23-164 


23-469 


23-774 


24-079 


-So 


24-383 


24-688 


24-993 


25-298 


25-602 


25-907 


26-212 


26-517 


26-822 


27-126 


90 


27-431 


27-736 


27-041 


28-346 


28-651 


28-955 


29-260 


29-565 


29-870 


80-174 


100 


30-479 


30-784 


31089 


31-394 


31.698 


32-003 


32-308 


32-613 


32-918 


33-222 



CONVERSION OF METRES INTO ENGLISH FEET. 



Metres. 





1 


2 


8 


4 


5 





7 


8 







Feet 


♦ Feet 


Feet. 


Feet 


Feet 


Feet. 


Feet. 


Feet 


Feet 


Feet 





0000 


3-2809 


6-5618 


9-8427 


13-123 


16-404 


19-685 


22-066 


26-247 


29-528 


10 


32-809 


86090 


39-371 


42-651 


45-932 


49-213 


52-494 


55-775 


69-056 


62-337 


20 


65-618 


68-899 


72179 


75-461 


78-741 


82-022 


85-303 


88-584 


91-865 


95-146 


30 


98-427 


101-71 


104-99 


108-27 


111-55 


114-83 


118-11 


121-39 


1-24-67 


127-96 


40 


131-24 


134-52 


137-80 


14108 


144-36 


147-64 


150-92 


154-20 


157-48 


160-76 


60 


164-04 


167.33 


170-61 


173-89 


177-17 


180-45 


183-73 


187-01 


190-29 


193-57 


60 


196-85 


200-13 


203-42 


206-70 


209-98 


213-26 


216-54 


219-82 


223-10 


226-38 


70 


229-66 


232-94 


236-22 


239-51 


242-79 


246-07 


249-35 


252-63 


255-91 


259-19 


80 


262-47 


265-75 


269-03 


272-31 


275-60 


278-88 


282-16 


285-44 


288-79 


292-00 


90 


295-28 


298-56 


391-84 


305-12 


808-40 


311-69 


314-97 


818-25 


321-53 


824-81 


100 


32809 


331-37 


334-65 


337-93 


341-21 


344.49 


347-78 


851-06 


364-34 


857*62 
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FRENCH SQUARE MEASURE, UNITED STATES. 



1 square millimetre 
1 square centimetre 
1 square decimetre 
1 square metre 
1 square decametre 
1 square decare 
1 square hectare 
1 square kilometre 
1 SQuare myriametre 



= .001549 square inches. 

= .1549t8 " 

= 15.4988 " 

= 10.763058 square feet. 

= 1076.3058 " 

= 10763.058 « 

= 2.47086 U. S. acres. 

= 247.086 « 

= 24708.6 « 



FRENCH CUBIC OR SOLID MEASURE, U. S. 



Millitre, or cubic centimetre 
10 millitrcs make 1 centilitre 
1 decilitre 



10 centilitres 
10 decilitres 
10 litres 

10 decalitres 
10 hectolitres 
10 kilolitres 



Cubic Inches. 

= .0610165 
= .610165 
= 6.10165 
= 61.0165 
= 610.165 

Cubic feet. 

1 hectolitre = 3.53105 

1 kilolitre or cubic metre = 35.3105 
1 myriolitre = 353.105 



1 litre 
1 decilitre 



FRENCH MEASURE, UNITED STATES STANDARD. 



1 millimetre : 
10 millimetres make 1 centimetre : 
10 centimetres *' 1 decimetre = 
10 decimetres ". 1 metre = 
10 metres " 1 decametre : 



10 decametres 
10 hectometres 
10 kilometres 



1 hectometre = 
1 kilometre = 
1 myriametre= 



: t}^ inch nearly, or 
: I inch full, or 
: 4 inches nearly, or 
: 3 feet 3f inches -f-, or 
: 32.871 feet, or 

: 328.071 feet, or 
: 3280.71 feet, ^ or 
: 32807.1 feet, 6J^ or 



Inches. 

.0393685 
.393685 
3.93685 
39.3685 
393.685 

Miles. 

.0621347 
.6213466 
6.213466 
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AVOIRDUPOIS WEIGHT. 

Drams. Ozs. Lbs. Qrs. Cwts. Tons. French Grammes. 

1 =.0625 =.0039 =.000139 =.000035 =.00000174 = 1.771846 

16= 1 =.0625 =.00223 =.000558 =.000028 = 28.34954 

256= 10= 1=.0357 =.00893 =.000447 = 453.59 

7168= 443= 28= 1 =.25 =.0125 = 12,700 

28672=1792= 112= 4= 1=.05 = 50,802 

573440 =a5840 = 2240= 80= 20= 1=1,016,048 

Note.— T]ie standard pound avoirdupois is the weight of 27*7015 cubic 
inches of distilled water at 39*83° Fahrenheit, barometer 30 inches, and 
weighed in the air. 



TROY WEIGHT. 

Grains. Pwts. Ozs. Lbs. French Grammes. 

1= .04167= .00208= .0001736= .0648 
24= 1 = .05 = .004167 = 1.555 

480= 20 =1 = .0833 = 31.1035 

5760 = 240 =12 =1 =373.242 

175 lbs. troy = 144 lbs. avoirdapois. 
Lbs. avoirdupois X .82286 = lbs. troy. 
Lbs. troy X 1.2153 = lbs. avoirdupois. 



LONG MEASURE. 

Inches. Feet. Yards. Fatbs. Poles. Furlongs. Miles. French metres 

1 = .083 =.02778 =.0139 =.005 = .000126= .0000158 = .0254 

12= 1 =.333 =.1667 =.0606= .00151 =.0001894= .3048 

36= 3 = 1 =.5 =.182 =.00454 =.000568 = .9144 

72= 6= 2= 1 =.364 =.0091 =.001136= 1.8287 

198= 16J= 5i= 2f= 1=.025 =.003125 = 5.0291 

7920= 660 = 220 = 110 = 40= 1= .125 . = 201.16 

63300 =5280 = 1760 = 880 = 320= 8= 1 =1609.315 

A point = tV i ^^ch. A li ne = 6 points = -j^inch. A palm = 3 inches. 
A. span = 9 inches. A hand = 4 inches. A fathom = 6 feet. A cable's 
lengt h = 120 fathoms = 720 feet. A Gunter's chain = 66 feet = 4 rods. 
80 Gunter*s chains = 1 mile. A nautical or sea-mile = 6086.07 feet, or 
YT^ffoTs part of the eartVs circumference at the equator = 1.152664 geo- 
graphical or land miles. 1 degree at equator = 69.160 land miles. 1 
land mile = .86755 of a nautical mile. 
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TABLE 



SHOWING THE WEIGHT OF WATER. 



1 


cubic inch 


= .03617 pounds. 


12 


cubic inches 


= .434 *' 


1 


cubic foot 


= 62.5 " 


1 


cubic foot 


= 7.50 U. S. gallons. 


1.8 


cubic foot 


= 112.00 pounds. 


35.84 


cubic feet 


= 2240.00 '' 


1 


cylindrical inch 


= .02842 " 


12 


cylindrical inches 


= .341 


1 


cylindrical foot 


= 49.10 '' 


1 


cylindrical foot 


= 6.00 U. S. gallons. 


2.282 


cylindrical feet 


= 112.00 pounds. 


45.64 


cylindrical feet 


= 2240.t0 


11.2 


Imperial gallons 


= 112.00 " 


224 


Imperial gallons 


= 2240.00 " 


13.44 


U. S. gallons 


= 112.00 « 


268.8 


U. S. gallons 


= 2240.00 « 



TABLE 



SHOWING THE WEIGHT OF WATER AT DIFFERENT TEMPERATURES 



Temperature, 


"Weight of a ruble | 
fuut iu pouuds. 1 


Temperature, 


Weight of a cubic 
fuut iu pouuda. 


FaUrenheit 


Fahrenheit. 


40^ 


62.408 1 


172° 


60.72 


42° 


62.406 i 


182° 


60.5 


52° 


62.377 i 


192" 


60.28 


62° 


62.321 


202° 


60.05 


72° 


62.25 


212° 


59.82 


82° 


62.15 


230° 


59.37 


92° 


62.04 


250° 


58.85 


102° 


61.92 


275° 


58.17 


112° 


61.78 


300° 


57.42 


122° 


61.63 


350° 


55.94 


132° 


61.47 


400° 


54.34 


142° 


61.30 


450° 


52.70 


152° 


61.11 


500° 


51.02 


162° 


60.92 


600° 


47.64 
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DIAMETRAL PITCH. 

This method of denoting the size of gear wheels is based upon 
the following theory : 

The diameter of the wheel at the pitch circle is supposed to be 
divided into as many parts as there are teeth in the wheel ; then the 
length of one of these parts is the diametral pitch. 

Suppose we are given a diametral pitch of 2, To obtain the corre- 
sponding arc pitch we divide 3'1416 (the relation of the circumference 
to the diameter) by 2 (the diametral pitch) and 3'1416 -r- 2 = 1-57= 
the arc pitch in inches and decimal parts of an inch. If we are given 
an arc pitch to find a corresponding diametral pitch, we again simply 
divide 3*1416 by the given are pitch. Example : What is the diame- 
tral pitch of a wheel whose arc pitch is 1 J inches f Here 3*1416 -r- 1*5 
= 2*09 = diametral pitch. 



Below is Brow!^ <& Siiarpb's table of circular and diametral 
pitches, which will be found very useful. 



Diametral pitch. 


Arc pitch. 


2 


1-57 


2-25 


1-39 


2*5 


1-25 


2*75 


114 


3 


1*04 


3*5 


•890 


4 


•785 


5 


•628 


6 


•523 


7 


•448 


8 


•392 


9 


•350 


10 


•314 


11 


•280 


12 


•261 


14 


•224 


16 


•196 


18 


•174 


20 


•157 


22 


•143 


24 


•130 


26 


•120 



Arc pitch. 
1*75 inch. 
1-5 " 
1*4375 " 
1*375 " 
1*3125 " 
1*25 " 
1*1875 " 
1*125 " 
1*0325 " 
1-OOCO " 
0*9375 " 
0*875 " 
0*8125 " 
0-75 " 
0-6875 " 
0-6*25 « 
0-5625 " 
0-5 " 
0-4375 *' 
0-375 " 
0-3125 " 
0*25 " 



DiametraL 
1*79 
2*09 
218 
2*28 
2*39 
2*51 
2*65 
2*79 
2*96 
314 
3*35 
3*59 
3*86 
419 
4*57 
5*03 
5*58 
6*28 
718 
8-38 
10*06 
12*56 



In using diametral pitch to order wheels it is sufficient to employ 
two places of decimals; but where mathematical calculations are 
concerned it is better to use three places of decimals. 
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PAPER. 

1 ream = 20 quires = 480 sheets, 
1 (xuire = 24 sheets. 



DRAWING PAPEIi. 



Cap 13 X 10 inches. 

Uemv 20 " 15 *' 

Mediam 22 " 17 " 

Royal 24 *M9 " 

Super Royal.... 27 " li) '* 

Imperial 30 "21 " 

Elephant 2« "22 " 



Colnmhier 34 X 23 inches. 

Atlas 33 " 2(5 ** 

Theorem 34 " 28 " 

Double Elephant 40 " 26 " 

Antiquarian 52 ** 31 " 

Emperor 40 " 60 " 

Uncle Sam 48 "120 « 



Continuous Colossal Drawing Paper, No. A and No. B, 56 
laches wide, and of any required length. 



TRACING PAPER. 

Double Crown 30 X 20 inches. 

Double Double Crown 40 " 30 " 

Double Double Double Crown. 60 << 40 " 



f Glazed or Crystal. 
i Yellow or Blue Wove. 



SHEET ZINC AND IRON. 



SHEET ZINC. 








RUSSIA SHEET IRON 


. 


Size 84 In. by 24, 28, 32, 36 and 40 inches. 


Size 28 X 50 in. - 10.88 sq 


.feet. 


Zinc 


WIDTH OI^SUEKT. 


Bir. W. 


Kuasiau 


WKIQHT PKB 


Bir. «r. 


gage. 


24 


82 


40 


gtige. 


g«ge. 


Sheet 


Sq. ft. 


gage- 


Ko. 


Pounds. 


Tounda. 


Pounds. 


No. 


Na 


Pounds. 


Pound*. 


Ko. 


8 


6.;i3 


9.68 


12.1 


28 


7 


6.25 


0.;->74 


29 


9 


7.20 


11.2 


14. 


27 


8 


7.25 


0.666 


28 


10 


8. 


12.4 


15.6 


26 


9 


8. 


0.735 


27 


11 


8.90 


13.8 


17.3 


25 


10 


9. 


0.827 


26 


12 


10.1 


15.7 


J9.7 


24+ 


11 


10. 


0.918 


25 


13 


11.1 


17.3 


21.6 


23 


U 


lu.75 


0.987 


24i 


14 


12.4 


19.3 


24.1 


22 


13 


11.75 


1.08 


24 


15 


16.2 


25.2 


31.6 


21 


14 


12.5 


1.15 


23i 


16 


17 4 


27.1 


33 9 


20 


15 


13.5 


1.24 


22f 


18 


21.9 


34. 


.42.6 


18 


16 


14.5 


1.33 


21i 



lin. 1.25 
2iL 3(/. 



LENGTH IN INCHES OF PENNY NAILS. 



1.5 1.75 2 2.25 
4r/. 5 a, 6d, 7rf. 



2.5 2.75 3 3.25 3.5 4 4.25 6 5.5 
8d. U(/. 10 12 16 20 80 40 60 



6 
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TABLE AND RULE, 

FOR THK COMPUTATION OF THE SIZES OF TAPPING HOLES FOR 
PIPE TAPS. 









Diameter at 


Inside 
diameter. 


Oatslde 
dlnmeter. 


Outside, 
allowing for 
the taper. 


bottom of 

thread « size 

ofdrii In 

inches. 




•405 


•362 


•298 




•54 


•497 


•401 




•675 


•632 


•509 




•84 


•777 


•654 




1-05 


•987 


•837 


1 


1-315 


1-252 


1-102 


li 


1-66 


1-586 


1-436 


n 


1-9 


1-826 


1-676 


2 


2-375 


2-301 


2085 


2i 


2-875 


2-769 


2-553 


3 


3-5 


3-399 


3183 


^ 


4- 


3-899 


3-683 


4 


4-5 


4-399 


4183 



The outside diameters are from Morris and Tasker's table of stand- 
ard sizes. 

The taper used in calculating is that given by Pratt and Whitney, 
1 inch to foot, and the length of threads on -^ to | is ^ inch, -^ to 1 is f , 
li to 2 is I, and 2i to 4 inches is 1^ inch. The rule for computing 
size of drills is: Subtract from the outside diameter (after allowing 
for the taper) the product of the pitch by 1-732, which gives the 
diameter at the bottom of the thread, or the size of the required 
drill. 



TAPS FOR MACHINE SCREWS. 



HUMtW. 


Wire gage size. 


No. threads to inch. 


^ - 


No. 4 


36 A 40 


^ 


« 6 


30, 32, 36 A 40 


i 


— 


30, 32, 36 A 48 


^ 


" 8 


30A32 




" 10 


20, 22 A 24 


•f^ 


" 12 


20, 22 A 24 


i 


" 14 


16, 18, 20, 22 A 24 


& 


" 16 


16, 18, 20 A 22 
16, 18 A 20 


T^ 


" 18 


•ft 


" 20 


16, 18 A 20 


i 


« 24 


14, 16 A 18 
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ORDINARY SIZES AND THICKNESSES OF IRON WASHERS. 



Diameter 


Size of hole 


Thickness, 


Size of bolt. 


Diameter 


Size of hole 


Thickness, 


Size of 


of washer. 


iu washer. 


wire gajfe. 


: of washer. 


iu washer. 


wire jfa^c. 


Lwlt. 




i 


No. 18 


A 


If 


ii 


No. 10 


* 


t 


yV 


^* 16 


i 


If 


4 


" 10 


H 


4 


A- 


'^ 16 


i 


11 


\i 


" 10 


4 


i 


f 


" 16 


A 


2 


■2- 


'* 10 


4 


1 


iV 


" 16 


1 


2i 


rS- 


*' 9 


« 


H 


i 


u 14 


tV 


2i 


I'j 


^' y 


1 


n 


i 


u 14 


iV 


2i 


li 


' 9 


n 


H 


n\- 


" 14 


i 


3 


1« 


'' 9 


) '• 


If 


i\' 


*' 12 


J 


3^ 


14 


" 9 


»r 


If 


* 


'* 12 


A 


3^ 


1* 


'' 8 


H 


H 


* 


*^ 12 


A 


/I 


U 


" 8 


14 


H 


ii 


" 12 


i 


4 


2i 


'« 8 


2 



IRON WIRE ROPE. 





HOISTING 


ROPE, 19 WIRES TO THE STRAND. 




Trade nuiiiljer. 


Cinunift'reuce 
ill inches. 


Diameter. 


Trade number. 


Circunifereiice 
in iucbea. 


Diameter. 


1 

2 
3 
4 
5 
6 
7 


6i 

6 

5i 

5 

41 

4 

3i 


2i 
2 
14 
If 
14 
U 
H 


8 

9 

10 

1.1 

lOf 


3i 

24 

f 

If 


1 

{ 
1 





ROPE, WITH 7 WIRES TO THE 


STRAND. 






Cirrnmfereiice 
in inches. 


Diameter. 


Trade number. 


Cirram Terence 
iu inches. 


DIaraeUr. 


11 


4f 


H 


20 


If 


i 


12 


4i 


If 


21 


lif 


•'« 


13 


34 


14 


22 


14 


I 


14 


3f 


14 


23 


14 


15 


3 


1 


24 


1 


^i 


16 


2f 


i 


25 


i 


I 


17 


2f 


4 


26 


4 


18 


24 


H 


27 


f 


h 


19 


14 


f 


•• 







12* 
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TABLE, 

Containing tlie Diamelera, Circumferences, and Area^ of Circles, and 
the Sides of an Equal Square from ^\' Inch up to 26 Feet, 



Piani. 


Circuni. 


Area. 


buU' of 
rc-iu.l , 
square. 


Diain. 


Circam. 


Area. 


eqiinl 
square. 


Inch. 

8 

t 
t 
ft 


•1963 

•3927 

•5890 

•7854 

•9817 

1^1781 

1-3744 

1-5708 

1-7671 

1-9635 

2-1598 

2-3562 

2-5525 

2-7489 

2-9452 


•0030 
•0122 
•0276 
•0490 
•0767 
•1104 
•1503 
•1963 
•2485 
•3068 
•3712 
•4417 
•5185 
•6013 
•6903 


1 

'"•iio?" 

" '•2155 
'"•3223' 
' ''mi 
"'•5438 
" '•664'6 
" '•7'7'56' 


?^ Q. 


6-6759 
6-8722 
7-0686 
7-2G40 
7-4613 
7-6576 
7-8540 
8-0503 
8-2467 
8-44:30 
8-6394 
8-83.:7 
9-0321 
9-2284 


3-5465 
3-7582 
3-9760 
4-2001 
4-4302 
4-6664 
4-9057 
5-1573 
5-4119 
5-6727 
5-9395 
6-2126 
6-4918 
6-7772 


1-8831 
"l-"993"9" 
'2-1047 
"2-2"l'55 
2-3262 
2-"43"7'0* 
'2-*5478" 


3 ill. 

A' 

t 

i 


94248 
9-6211 
9-8175 
10-0138 
10-2120 
10-4065 
10-6029 
10-799;^ 
10-9956 
11-1919 
11-3883 
11-5846 
11-7810 
11-9773 
12-1737 
12-3700 


706-6 

7-3662 

7^6699 

7-9793 

8-2957 

8-6179 

8-9462 

9-2806 

9-6211 

9-9678 

10-3206 

10-6796 

11-0446 

11-4159 

11^7932 

12-1768 


2-6586 


1 in. 

t 


3-1416 
3-3379 
3-5343 
3-7306 
3-9270 
4-1233 
4-3197 
4-5160 
4-7124 
4-9087 
5-1C51 
5^3014 
5-4978 
5-6941 
5-8905 
6-0868 


•7854 
•8861 
•9940 
1^1075 
1-2271 
1-3529 
1-4848 
1-G229 
1-7G71 
1-9175 
2-0739 
2-2365 
2-4052 
2-5801 
2-7611 
2-9483 


•8862 
'"•9969 
r-b7'7"5' 
'l-"2r85" 
"{•'3293 
'{•'4'4"0l" 
'l-"5"5"o"8' 
"l-66l"6' 


2-'7'694' 
2'-88bV 
"2'-"99()'9' 
"3-'lb"l"7' 
'3''2i'24* 
3-3232 
'3-'43'4'o' 


4 in. 

A 


12-5664 
12-7627 
12-9591 
13-1554 


12-5664 
12-9622 
13^3640 
13^7721 


3-5448 


2 in. 


6-2832 
6-4795 


3-1416 
3^3411 


1-7724 


"3-6555 
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Diam. 


Circum. 


Area. 


bide of 
equal 1 
square. 1 

"3-766y 

'3-877i' 1 

3-9880 

4.0987 

4-2095 

'4-3202 


Diam. 


CircuKi. 


Area. 


bKU: ot 
uqual 
square. 


4iiu. 

t 

i 

To' 

h 


13-3518 
13-5481 
13-7445 
13-9408 
14-1372 
14-3335 
14-5299 
14-7202 
14-9226 
151189 
15-3153 
15.5716 


14-1862 
14-606(5 
15-0331 
15-4657 
15-9043 
16-3492 
16-8001 
17-2573 
17-7205 
18-1900 
18-6:)55 
191472 


"' iu. 

i." 

5" 

k 


22-3839 
22-5802 
22-7766 
22-9729 
23-1693 
23-3656 
23-56ii0 
23-7583 
23-9547 
24-1510 
24-3476 
24-5437 
24-7401 
24-9364 


39-1783 
40-5469 
41-28-<i5 
41-9974 
42-7184 
43-4455 
44-1787 
44-9181 
45-6638 
46-4153 
47-1730 
47-9370 
48-7070 
49-4833 


6-3142 
'6-'435b' 
"6-'535'8" 
'6-"6"4'65" 
'6'-'7'g"73" 
"6'-"8"68"l' 
6-9787 


5 in. 

1 

! 


15-7080 
15-9043 
16-1007 
16-2970 
16-4934 
16-6897 
16-8861 
17-0824 
17-2788 
17-4751 
17-6715 
17-8678 
18-0642 
18-2605 
18-4569 
18-6532 


19-6350 
20-12i)0 
20-6290 
211252 
21-6475 
22-1661 
22-6907 
23-2215 
23-7583 
24-3014 
24-8505 
25-4058 
25-9672 
26-5348 
27-1085 
27-6884 


4-4310 
4-54 17 

i 

4-7633 
'4-8741' 

*4-9848 
'5-0956" 
"5-2064 




8 iu. 

t 
1 

t 
i 


25-1328 
25-3291 
25-5255 
25-7281 
25-9182 
26-1145 
26-3109 
26-5072 
26-7036 
•26-8999 
27-0963 
27-2926 
27-4890 
27-6853 
•27-8817 
•280780 


502656 
51-0541 
51-8408 
52-8994 
53-4562 
54-2748 
55-0885 
55-9138 
56-7541 
57-5887 
58-4264 
59-7762 
601321 
60-9943 
61-8625 
62-7369 


7-0897 
7-*2*o'c5" 
'7-3l'l'2' 
7-4'220" 
'7-'5328" 
"7'-643*6' 
7-'7'5'44' 
7 -8651 


6 iu. 

t 

A' 


18-8496 
190459 
19-2423 
19-4386 
19-6350 
19-8313 
20-0-277 
-20-2240 
20-4204 
20-6167 
20-8131 
21-0094 
21-2508 
21-4021 
21-5985 
21-7948 


28-2744 
28-8665 
29-4647 
300798 
30-6796 
31-2964 
31-9192 
32-5481 
3;M831 
33 8244 
34-1747 
35-125^ 
35-7847 
36-4505 
37-1226 
37-8005 


5-3172 
5-4280' 
"5-5388' 
'5'-'6495 
"5-7603' 
'5'87'u" 
"5-*98l'9" 
"6-0927' 1 




9 in. 

1 
t 

t 

i 

A 


28-2744 
28-4707 
28-6671 
28-8634 
29-0598 
29-2561 
•29-4525 
29-6488 
29-8452 
30-0415 
30-2379 
30-4342 
30-6306 
30-8269 
31-0233 
31-2190 


63-6174 
64-5041 
65-3968 
66-2957 
67-2007 
681120 
690-293 
69-9528 
70-88-23 
71-8181 
72-7599 
73-7079 
74-66^20 
75-6-223 
.76-5887 
77-5613 


7-9760 
"8-'o'866' 
8-'l'97"4 
'8'-i3'o'8l' 
'8"-'4*l'90' 
'8-5"29'7' 
"8-'0405' 
8-7513 


7 ill. 


21-9912 
•221875 


38-4846 
30-1749 


6-2034 
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TABLE OF THE CIECUMFERENCES, ETC. OF CIRCLES. 



m^ 


Cnreum. 


A^ 


Bide of 


Dmm. 


CireiiiB. 


Ana. 


bSS. 


10 in 

1 

1 


31-416 
31-808 
32-201 
32-594 
32-986 
33-379 
33-772 
34164 


78-640 
80-516 
82-516 
84-540 
86-590 
88-664 
90-762 
92-885 


8-8620 
8-9728 
90836 
91943 
9-3051 
9-4159 
9-5267 
96375 


15|in. 


48-694 
49 087 
49-480 
49-872 


188-692 
191-748 
194-828 
197-933 


13-736 
13-847 
13-967 
14-06i8 


16 in. 


60-266 
50-658 
61051 
51-443 
51-836 
52-229 
52-621 
63 014 


201-062 
204-216 
207-394 
210-597 
213-825 
217-077 
220-353 
223-654 


14.179 
14-290 
14-400 
14-511 


11 in. 

h 

\ 

i 


34-557 
34-950 
35-343 
35785 
36-128 
36-521 
36-913 
37-306 


95-033 
97-205 
99-402 
101-623 
103-869 
106139 
108-434 
110-753 


9-7482 
9-8590 
9-9698 
10-080 
10191 
10-302 
10-413 
10-523 


14-622 
14-732 
14-843 
14-964 


17 in. 


63-407 
53-799 
64192 
54-686 
64-978 
65-370 
66-763 
66-156 


226-980 
230-330 
233-705 
237-104 
240-628 
243-977 
247-460 
260-947 


16066 
16-176 
16-286 
16-397 


IS in. 

i 

! 

1 
1 


37-699 
38-091 
38-484 
38-877 
89-270 
39-662 
40-055 
40-448 


113097 
116-466 
117-859 
120-276 
122-718 
125184 
127-676 
130-192 


10-634 
10-745 
10-856 
10-966 
11-077 
11-188 
11-299 
11-409 


15-508 
16-619 
16-730 
15-840 


18 in. 


66-548 
66-941 
67-334 
57-726 
68-119 
68-612 
68-905 
69-297 


254-469 
258-016 
261-687 
265-182 
268-803 
272-447 
276-117 
279-811 


15-961 
16-062 
16-173 
16-283 


13 in. 
1 

1 

1 

t 

f 


40-840 
41-233 
41-626 
42-018 
42-411 
42-804 
43197 
43-589 


132-732 
135-297 
137-886 
140-500 
143139 
145-802 
148-489 
161-201 


11-520 
11-631 
11-742 
11-853 
11-963 
12074 
12-185 
12-296 


16-394 
16-605 
16-616 
16-727 


19 in. 


59-690 
60-083 
60-475 
60-868 
61-261 
61-653 
62-046 
62439 


283-529 
287-272 
291-039 
294-831 
298-648 
302-489 
306-365 
310-245 


16-837 
16-948 
17-060 
17-170 


14 in. 

1 
i 

]■ 
i 

f 
1 
i 


43-982 
44-375 
44-767 
45-160 
45 553 

45 045 

46 338 
46 731 


153-938 
156-699 
159-485 
162-295 
165-130 
167-989 
170-873 
173 782 


12-406 
12-517 
12-628 
12-739 
12-8.50 
12-960 
13071 
13182 


17-280 
17-391 
17-502 
17-613 


20 in. 

1 


62-832 
63 224 

63 617 
64010 

64 402 
64 795 
66-188 
65-580 


314-160 
318-099 
322-063 
326-051 
330-064 
334-101 
338- 163 
342-260 


17-724 
17-834 
17-945 
18-056 


15 ill. 

* 

1 


47 124 
47516 
47-909 
48-302 


176715 
179672 
182-654 
186-661 


13-293 
13-403 
13-514 
13-625 


18-167 
18-277 
18-388 
18-499 
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TABLE OF THE CIROUMFEEENCES, ETC. OF CIKCLES. 



Dtein. 


Cireoxn. 


Aim. 


Bid. or 

•qual 
Squara. 


Dan. 


CiieuiD. 


Ana. 


^•qaal 
Squan. 


dliQ. 


65-703 
66-366 
66-759 
67151 
67-544 
67-937 
68-329 
68-722 


346-361 
350-497 
354-657 
358-841 
363051 
367-284 
371-543 
375-826 


18-610 
18-721 
18-831 
18-942 
19-053 
19164 
19-274 
19-385 


26Un. 


83-252 
83-646 
84-037 
84-430 


551-547 
556-762 
562002 
567-267 


23-484 
23-695 
23-708 
23-816 




27 in. 


84-823 
85-215 
85-608 
86-001 
86-394 
86-786 
87179 
87-572 


672-556 
677-870 
583-208 
588-571 
593-958 
699-370 
604-807 
610-268 


23-927 
24038 
24149 
24-259 


99 ia. 


69-115 
69-507 
69-900 
70-293 
70-686 
71078 
71-471 
71-864 


380-133 
384-465 
388-822 
393-203 
397-608 
402-038 
406-493 
410-972 


19-496 
19-607 
19-718 
19-828 
19-939 
20-050 
20-161 
20-271 


24-370 
24-481 
24-592 
24-703 




38 in. 


87-964 
88-357 
88-750 
89-142 
89-535 
89-928 
90 321 
90-713 


615-753 
621-263 
626-798 
632-357 
637-941 
643-594 
649182 
654-839 


24-813 
24-924 
25-035 
25146 


33 in. 


72 256 
72-649 
73-042 
73-434 
73-827 
74-220 
74-613 
75-005 


415-476 
420004 
424-557 
429-135 
433-731 
439 383 
443014 
447-699 


20-382 
20-493 
20-604 
20-715 
20-825 
20-936 
21047 
21-158 


25-256 
25-367 
25-478 
25-589 




29 in. 


91-106 
91-499 
91-891 
92-284 
92-677 
93069 
93-462 
93-855 


660-521 
666-227 
671-958 
677-714 
683-494 
689-298 
695-128 
700-981 


25-699 
25-810 
25-921 
26-032 


94 in. 


75-398 

75-791 
76-183 
76-576 
76-969 
77-361 
77-754 
78-147 


452-390 

457-115 
461-864 
466-638 
471-436 
476-259 
481-106 
485-978 


21-268 
21-379 
21-490 
21-601 
21-712 
21-822 
21-933 
22044 


26-143 
26-253 
26-364 
26-478 




30 in. 


94-248 
94-640 
95-033 
95-426 
95-818 
96-211 
96 604 
96-996 


706-860 
712-762 
718-690 
724-641 
730-618 
736-619 
742-644 
748-694 


26-586 
26-696 
26-807 
26-918 


35 in. 


78-540 
78-932 
79-325 
79-718 
80-110 
80-503 
80-896 
81-288 


490-875 
495-796 
500-741 
505-711 
510-706 
515-725 
520-769 
525-837 


22-155 
22-265 
22-376 
22-487 
22-598 
22-709 
22-819 
22-930 


27029 
27-139 
27-250 
27-361 




aiin. 


97-389 
97-782 
98-175 
98-567 
98-968 
99-353 
99-745 
100-138 


754-769 
760-868 
766-992 
773-140 
779-313 
785-510 
791-732 
797-978 


27-472 
27-583 
27-693 
27-804 


96 in. 


81-681 
82-074 
82-467 
82-859 


530-930 
536-047 
541-189 
546-366 


23-041 
23.152 
23-062 
23-373 


27-915 
28026 
28136 
28-247 
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278 TABLE OF THE CiRCUMFERENCES, ETC. OF CL&CLER. 



Otom. 


Circum. 


Aim. 


Sid* of 
equal 
Square. 


Diua. 


Cinnm. 


Am. 


Bqou*. 


32 in. 


100 531 
100-924 
101-316 
101-709 
102- 102 
102-494 
102-837 
103-280 


804-249 
810-546 
816-865 
823 209 
829-578 
835972 
842-390 
848-833 


28 358 

28-469 
28-530 
28-691 
28-801 
28-912 
29023 
23-133 


37&iD. 


117-810 
118-202 
118-595 
118-988 


1104-46 
1111'84 
1119-24 
1126-66 


33*233 
33-343 
33-454 
33 664 




38 in. 


119-380 
119-773 
120-166 
120-558 
120951 
121-344 
121*737 
122-129 


1134-11 
1141-69 
1149-08 
1156-jSl 
1164-15 
1171-73 
1179-32 
1186-94 


33-675 
33-736 
33-897 
34*003 


33 in. 


103-672 
104055 
104-458 
104-850 
105 243 
105-636 
106-029 
106-421 


85530 
861-79 
883-30 
874-84 
881-41 
88800 
894-61 
901-25 


29-244 
29-355 
29-466 
29-577 
29-687 
29-798 
29-909 
30020 


34-118 
34-229 
34-340 
34-451 




39 in. 


122-622 
122-915 
123-307 
123-700 
124-093 
124-485 
124-878 
125-271 


1194-59 
1202-26 
1209-95 
1217-67 
1225-42 
1233-18 
1240-93 
1248-79 


34-561 
34-672 
34-783 
34-894 


34 m. 


106-814 
107-207 
107-599 
107-992 
103-335 
108-777 
109-170 
109-563 


907-92 
914-61 
921-32 
92808 
934-82 
941-60 
943-41 
955-25 


30131 
30 241 
30-352 
30 463 
30-574 
30-684 
30-795 
30906 


35-005 
35-116 
36-226 
35-337 




40 in. 


125-664 
126 056 
126-449 
126-842 
127-234 
127-627 
123-020 
123-412 


1256-64 
1204-50 
1272-39 
1280-31 
1288-25 
1296-21 
1304-20 
1312-21 


36-448 
36-668 
35-669 
35-780 


35 in. 


109-956 
110-348 
110-741 
111-134 
111-526 
111-919 
112-312 
112-704 


962 11 
968-99 
97590 
982-34 
939-80 
996-78 
10037 
1010-8 


31-017 
31-123 
31-233 
31-349 
31-460 
31-571 
31-681 
31-792 


35-891 
36002 
36-112 
36-223 




41 in. 


123-306 
129-193 
129-691 
129-933 
130-376 
130-769 
131-161 
131-554 


1320-25 
1328-32 
1336-40 
1344-51 
1352-66 
1360-31 
136900 
1377-21 


36-334 
36-445 
36-555 
36-666 


36 in. 


113-097 
113-490 

113 883 

114 275 

114 668 

115 061 
1 15 453 
1 15 846 


1017-87 
1024 95 
1032 06 
1039-19 
1046-3 ) 
1053 52 
1060 73 
106795 


31-903 
32-014 
32-124 
32-235 
32-346 
32-457 
32-567 
32-678 


36-777 
36-338 
36-999 
37-109 




42 in. 
1 


131-047 
132-3.39 
132-732 
133-125 
1.33-518 
133-910 
134-303 
134-696 


1385-44 
1393-70 
1401-98 
1410-29 
1418-62 
1426-98 
1435-36 
1443-77 


37-220 
37-331 
37*442 
37-5f2 


87 in. 


116 239 
116 631 
117024 
117-417 


107521 
1082 48 
1089-79 
1007 11 


32-789 
32-900 
33011 
33-021 


37-663 
37-774 
37-885 
37-996 
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DUm. 


Cireom. 


Ana. 


Side of 

equiU 
Square. 


Diam. 


Cireum. 


Area. 


Bidiaf 

S<}iiul«>. 


43111. 


135-038 
135-481 
135-874 
136-266 
136-659 
137052 
13'7-445 
137-837 


1452-20 
1460-65 
146913 
1477-63 
148617 
1494-72 
1503-30 
1611-90 


38106 
38-217 
38-328 
38-433 
38-649 
38-630 
38-771 
38-833 


48iin. 


162-367 
162-760 
153-153 
163-646 


1847-45 
1856-99 
1868-65 
187613 


42980 
43091 
43-202 
43 313 




49 in. 
1 1 


153-938 
154-331 
154-723 
155-116 
155-609 
155-901 
156-294 
156-687 


1885-74 
1895-37 
190503 
1914-70 
1924-42 
1934-15 
1943-91 
1953-69 


43-423 
43 534 
43-646 


44 in. 


138-230 
138-623 
139-015 
139-408 
139 801 
140-193 
140-586 
140-979 


1520-53 
1529-18 
1537-86 
1546-55 
1655-28 
1564-03 
1572-81 
1531-61 


38-993 
39103 
39-214 
39-325 
39-436 
39-543 
39-657 
39-733 


43-756 
43-867 
43-977 
44-088 
44-199 




50 in. 


157-080 
157-865 
158-650 
163-43G 


1963-50 
1983-18 
2002-96 
2022-84 


44-310 
44-531 
44-753 


45-11. 


141-372 
141-764 
142157 
142-550 
142-942 
143-335 
143-728 
144-120 


1590-43 
1599-28 
160^15 
1617-04 
1625-97 
1634-92 
1643-89 
1652-88 


39-873 
39-933 
40- 110 
40-211 
- 40-332 
40-433 
40-513 
40-654 


44-974 




51 in. 


160-221 
161007 
161-792 
162-577 


2042-82 
2062-90 
203307 
2103-35 


45196 
45-417 
45-639 
45-861 




52 in. 


163-333 
164148 
164-934 
165-719 


2123-72 
2144-19 
3164-75 
2185-42 


46-082 
46-304 
46-526 
46-747 


46 in. 


144-513 
144-906 
145 299 
145-691 
146-034 
146-477 
146-869 
147-262 


1661-90 
1670-95 
1630-01 
1689-10 
1033-23 
1707-37 
1716-54 
1725-73 


40-765 
40-870 
40-936 
41-037 
41-208 
41-319 
41-4-29 
41-540 




53 in. 


166-504 
'167-290 
168075 
168-861 


2206- 18 
222705 
224801 
2269 06 


46-968 
47-190 
47-411 
47-633 




54 in. 
* 


169-646 2290-22 
170-431231148 
171-217 2332-83 
172002 2354-28 


47-854 
48-076 
48-298 
48-519 


47 in. 


147-655 
148-047 
148-440 
143-833 
149-226 
149-618 
150011 
160-404 


1734-94 
1744-18 
1753-45 
1762-73 
1772-05 
1781-39 
1790-76 
1800-14 


41-651 
41-762 
41-873 
41-983 
42-034 
42-205 
42-316 
42-427 




55 in. 


172-788 2375 83 
173-573 2397-43 
174-358 2419-22 
175144 244107 


48-741 
43-962 
43-184 
49-405 


48i:i. 


ir^O-796 
151189 
151-582 
161-974 


1809-56 
1818-99 
1828-46 
1837-93 


42-537 
42-648 
42-759 
42-870 


56 in. 


175-929 2463-01 
176-715 2485-05 
177-500 260719 
178-28612629-42 


49-037 
40-848 
60070 
60 291 
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DkoL 


Cixeam. 


Am. 


Sid* of 
•qual 
SquM. 


Diaa. 


Ctaeaa. 


Am. 


8idi«r 


67 in. 
i 
i 

1 


179071 

179-856 
180-642 
181-427 


2561-76 
257419 
2596-72 
2619-35 


60-513 
60-735 
60-956 
61-178 


67 in. 

i 
k 
1 


210-487 
211-272 
212-058 
212-843 


3525-66 
3552-01 
3578-47 
3605-03 


69-37C 
59-597 
69-818 
60040 


68 in. 

i 
h 


182 212 
182-998 
183-783 
184-569 


2642-08 
2664-91 
2687-83 
2710-85 


51-399 
51-621 
51-842 
52-064 


68 in. 

i 
h 

* 


213-628 
214-414 
215-199 
215-985 


3631-68 
3658-44 
3685-29 
3712-24 


60*261 
60-483 
60-704 
60-926 


59 m. 

i 

* 


185-354 
186-139 
186-925 
187-710 


2733-97 
2757-19 
2780-51 
2803-92 


52-285 
52-507 
52-729 
52-950 


69 in. 

i 

* 


216-770 
217-555 
218-341 
219 126 


3739-28 
3766-43 
3793-67 
3821-02 


61-147 
61-369 
61-591 
61-812 


60 in. 

i 
h 

1 


188-496 
189-281 
189066 
190-852 


2827-44 
2851-05 
2874-76 
2898-56 


53-172 
53 393 
53-615 
53-836 


70 in. 

i 
h 

f 


219-912 
220-697 
221482 
222-268 


3848-46 
3875-99 
3303-63 
3931-36 


62-034 
62-255 
62-477 
62-968 


61 in. 

i 

1 


191-637 
192-423 
193-208 
193-993 


2922-47 
2946-47 
2970-57 
2994-77 


54 048 
54-279 
54-501 
54-723 


71 in. 

i 

1 


223053 
223-839 
224-624 
225-409 


3959-20 
3987-13 
401516 
4043-28 


69-920 
63-141 
63-369 
63-545 


62 in. 
i 

f 


194-779 
195-564 
196-350 
197-135 


301907 
3043-47 
3067-96 
3092-56 


54-944 
55-166 
55-387 
55-609 


72 in. 

i 

I 


226195 
226-980 
227-766 
228-551 


4071-51 
4099-83 
4128-25 
4156-77 


63-806 
64028 
04-249 
64-471 


63 in. 
1 
I 
1 


197-920 
198-706 
199-491 
200-277 


3117-25 
3142-04 
3166-92 
3191-91 


55-830 
56-052 
56-273 
56-495 


73 in. 

k 

1 


229-336 
230-122 
230-907 
231-693 


4185-39 
4214-11 
4242-92 
4271-83 


64-692 
64-914 
65- 135 
65-357 


64 in. 
i 

1 


201-062 
201-847 
202 633 
203-418 


3216-99 
3242-17 
3267-46 
3292-83 


56-716 
56-938 
57159 
57-381 


74 in. 

i 
h 

f 


232-478 
233-263 
234-049 
234-834 


4300-85 
4329-95 
4359- 16 

4388-47 


65-678 
65-800 
66-022 
66-243 


65 in. 

i 

1 


204-204 
204-989 
205-774 
206-560 


3318-31 
3343-88 
3369-56 
3395-33 


57-603 
57-824 
58-046 
58-267 


75 in. 

h 

1 


235-620 
236-405 
237190 
237-976 


4417-87 
4447-37 
4476-97 
4506-67 


66-405 
66-686 
66-908 
67-129 


66 in. 

i 
1 
1 


207-345 
208-131 
208-916 
209-701 


3421-20 
3447-16 
3473-23 
3499-39 


58-489 
58-710 
58-932 
69154 


76 in. 

i 


238-761 
239-547 
240-332 
241-117 


4536-47 
4566-36 
4596-35 
4626-44 


67-351 
67-672 
67-794 
68-016 
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- Dmm. 


Cireum. 


Area. 


Side of 
•qual 
Square. 


Diam. 


Circum. 


Ana. 


Bide of 

ennal 
Squart. 


77 in. 
* 

f 


241903 

242-638 
243-474 
244 259 


4656 63 
4686-92 
4717-30 
4747-79 


68-237 
68-459 
68-680 
68-902 


93 in. 


292-168 
293-739 


6792-92 
686616 


82-416 
82-859 


94 in. 


295-310 

296-881 


693979 
7013-81 


83-302 
83-746 


78 in 


245044 
245-830 
246-615 
247-401 


4778-37 
4809-05 
483983 
4870-70 


69-123 
69-345 
69-566 
69-788 


i 
1 


95 in. 


298-452 
300022 


7088-23 
7163-04 


84-189 
84-632 


feet. in. 
8 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


feeu in. 

25 U 
25 41 
25 75 

25 11 

26 2i 
26 5i 
26 8i 

26 lU 

27 2? 
27 61 

27 9 

28 05 


feet. 

50-265 
51-317 
52-381 
53-456 
54-541 
65-637 
66-745 
67-862 
58-992 
60-132 
61-282 
62-444 




79 in. 

1 


248-186 
248-971 
249-757 
250-542 


4901-68 
4932-75 
4963-92 
4995-19 


70-009 
70-231 
70-453 
70-674 


7 05 
7 U 
7 25 
7 31 
7 41 
7 55 
7 69 


80 in. 
1 


251-328 
252-898 


5026-56 
5089-58 


70-896 
71-339 


81 in. 


254-469 
266-040 


5153-00 
5216-82 


71-782 
72-225 


7 75 
7 85 
7 95 


82 in. 


257-611 
259182 


528102 
534562 


72-668 
73-111 


7 95 
7 lOf 


83 in. 
1 


260-752 
202-323 


5410-62 
547600 


73-554 
73-997 


9 

I 

3 

4 
5 
6 
7 
8 
9 
10 
11 


28 3| 
28 6} 

28 95 

29 05 
29 31 
29 7 

29 105 

30 U 
30 ^ 
30 75 

30 lit 

31 1} 


63-617 
64-800 
65-995 
67-200 
68-416 
69-644 
70-882 
72-130 
73-391 
74-662 
75-943 
77-236 


7 111 

8 05 


84 in. 


263-894 
265-465 


5541-78 
5607-95 


74-440 
74-884 


8 15 
8 2« 
8 35 


85 in. 


267-036 
268-606 


5674-5 1 
5741-47 


75-327 
75-770 


8 45 
8 6 
8 55 
8 61 
8 71 
8 85 
8 95 


86 in. 


270177 
271-748 


5808-81 
5876-55 


76-213 
76-656 


87 in. 


273-319 
274-890 


5944-69 
6013-21 


77099 
77-542 




10 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


31 5 
31 85 

31 115 

32 21 
32 55 
32 8| 

32 111 

33 2J 
33 65 

33 95 

34 Oi 
34 35 


78-540 
79-854 
81-179 
82-516 
83-862 
85-221 
86-590 
87-969 
89-360 
90-762 
92-174 
93-598 




88 in. 


276-460 
278-031 


6082-13 
6151-44 


77-985 
78-428 


8 105 

8 115 

9 05 
9 1 
9 1| 


89 in. 
1 


279-602 
281173 


6221 15 
6291-25 


78-871 
79-315 


90 in. 
i 


282-744 
284-314 


6361-74 
6432-62 


79-758 
80-201 


9 2} 
9 35 


91 io. 


285-885 
287-466 


6503-89 
6573-66 


80-644 
81-087 


9 45 
9 5| 

9 65 
9 75 
9 81 


92 in. 


289027 
290-698 


6647-62 
672007 


81-530 
81-973 



12* 
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Mma. 


Ofe««» 


Aim. 




Dim. 


Ofe««» 


Aim. 




fat. ML 

3 


34 61 

34 9} 

35 Oi 
35 41 
35 7k 

35 101 

36 Ik 
36 4k 
36 71 

36 101 

37 21 
37 5k 


95 033 

96-478 
97-934 
99-402 
100-879 
102-368 
103-869 
105379 
106-901 
108-434 
109-977 
111-531 


9 Si 

9 9i 

9 10} 

9 111 

10 Oi 

10 1| 

10 2i 

10 3i 

10 4 

10 5 

10 5i 

10 6| 


fac m. 

14 9 
10 
11 


faC in. 

46 4 

46 7i 
46 Hi 


170-873 
172-809 
174-756 


feec i» 

13 li 
13 1} 
13 2| 


3 

4 
6 
6 
7 
8 
9 
10 
11 


3 
3 
4 

5 
6 
7 
6 
9 
10 
11 


47 li 
47 4f 

47 7f 

47 105 

48 2i 
48 5i 
48 8i 

48 HI 

49 21 
49 5i 

49 8i 

50 


176-715 
178-683 
180-663 
182-654 
184-655 
186-668 
188-692 
190-.726 
192-771 
194-828 
196-894 
198-973 


13 3i 
13 41 

13 5i 
13 6i 
13 7i 
13 8 
13 81 
13 91 
13 101 


13 

1 
3 


37 8| 

37 lU 

38 21 

38 61 
3a Bi 

39 
39 3i 
39 61 

39 9k 

40 01 
40 3} 
40 6( 


113 097 
114-673 
116-260 
117 859 
119-467 
121-087 
122-718 
124-359 
126012 
127-676 
129 350 
131036 


10 7f 
10 8i 
10 91 
10 lOi 

10 Hi 

11 
11 Oj 
11 li 
11 2f 
11 3f 
11 4i 
11 5f 


13 lU 

14 01 
14 li 


3 
4 

5 
6 
7 
8 
9 
10 
11 


16 
1 
3 
9 
4 
5 
6 
7 
8 
9 
10 
11 


50 3i 
50 6i 

50 9} 

51 Oi 
51 3| 
51 61 

51 10 

52 li 
52 4i 
52 7f 

52 lOi 

53 11 


201-062 
203161 
205-272 
207-394 
209-526 
211-670 
213-825 
215-989 
218166 
220-353 
222-551 
224-760 


14 2i 
14 3 
14 31 
14 41 
14 5| 
14 6| 
14 7i 
14 8} 
14 9i 
14 lOi 
14 11 
14 HI 


13 
1 
2 
3 
4 
6 

e 

7 

8 

9 

10 

11 


40 10 

41 U 
41 41 
41 7k 

41 lOf 

42 If 

42 4i 

43 8 
43 111 
43 S| 
43 5k 
43 81 


132-732 
134-439 
136157 
137-886 
139-626 
141-377 
143-139 
144-911 
146694 
148-489 
150-294 
152110 


11 6i 
11 7i 
11 81 
11 8i 
11 9f 
11 10| 

11 llf 

12 Oi 
12 18 
12 2k 
12 3i 
12 4 


17 
1 
3 
3 
4 
5 
6 
7 
8 
9 
10 
IL 


53 4i 

53 8 

53 Hi 

54 2i 
54 5f 
54 8i 

54 HI 

55 3i 
55 6 

55 9i 

56 Ok 
56 3i 


226-980 
229-210 
231-452 
233-705 
235-968 
238 243 
240-528 
242-824 
245-131 
247-450 
249-778 
252- 118 


15 0} 
15 1| 
15 2| 
15 3i 
15 41 
15 5i 
15 6i 
15 7 
15 71 
15 81 


14 

1 


43 HI 

44 2i 
44 6 

44 91 

45 Oi 
45 3k 
45 61 

45 9f 

46 Oi 


153938 
155-775 
157625 
159-485 
161355 
163-237 
165130 
167-033 
168-947 


12 4i 
12 5} 
12 6i 
12 7i 
12 8i 
12 9| 
12 lOi 

12 Hi 

13 


15 91 
15 lOi 


3 
3 

4 
6 

6 
7 

8 


18 
1 
2 
3 
4 
6 
6 


56 6i 

56 91 

57 Oi 
57 4 
57 7i 

57 lOi 

58 1| 


254-469 
256-830 
259-203 
261-587 
263-980 
266-386 
268-803 


15 HI 

16 0| 
16 li 
16 2i 
16 3i 
16 3| 
16 41 
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Sidtof 


, 






■ ■id.-.t 


Oiuk 


Ciraun. 


Am. 


•qual 


Oiam. 


Cixctun. 


Area. 


•qual 










8q^ 
teU io. 










Sqiui*. 


bM. m. 


ST" 


in. 


feec 


feflU in. 


fteu 


in. 


feet. 


feeu m. 


18 7 


:>s 


M 


271-229 


16 


6J 


22 3 


69 


10} 


388-822 


19 8| 


8 


58 


7j 


273 667 


16 


eh 


4 


70 


u 


391-738 


19 9* 


9 


58 


10- 


276117 


16 


7| 


5 


70 


5 


394-668 


19 10| 


10 


53 


2 


278-576 


16 


8i 


6 


70 


Sk 


397-608 


19 m 


11 


59 
59 


5: 

8i 


281047 


16 


9i 


7 
8 


70 
71 


Hi 

2i 


400-558 
403520 


20 (H 


10 


283529 


16 


10 


20 n 


1 


59 


lU 


283-021 


16 


11 


9 


71 


5} 


406-493 


20 2 


2 


60 


2A 


238-524 


16 




10 


71 


8f 


409-475 


20 21 


3 


60 
60 


5j 
81 


291039 
293-564 


17 
17 


11 
23 


71 


115 


412-470 


20 3| 


4 


72 


3 


415-476 


20 4^ 


5 


60 


m 


296110 


17 


2. 


1 


72 


6i 


418-491 


20 6i 


6 


61 


3i 


298-648 


17 


3i, 


2 


72 


91 


421-519 


20 6| 


7 


61 


6i 


301-205 


17 


4i 


3 


73 


Oi 


424-557 


20 7i 


8 


61 


9h 


303 774 


17 


6i 


4 


73 


3* 


427-605 


20 81 


9 


62 


Oh 


306-355 


17 


6 


5 


73 


61 


430-665 


20 9| 


10 


62 


3f 


308-944 


17 


7 


6 


73 


9i 


433-737 


20 10 


11 


62 


6f 


311-546 


17 


7i 


7 


74 


1 


436-817 


20 10| 


30 


62 


9i 


314-160 


17 


8| 


8 


74 


4i 


439-910 


20 111 


1 


63 


U 


316-782 


17 


9| 


9 


74 


7i 


443.014 


21 Of 


2 


63 


41 


319-417 


17 


10^ 


10 


74 


m 


446- 127 


21 U 


3 


63 
63 


7£ 
lU 


322-063 
324-718 


17 
18 


Hi 
01 


11 
24 


75 


n 


449-253 


21 21 


4 


75 


4i 


452-390 


21 34 


5 


64 


u 


327-385 


18 


11 


1 


75 


7i 


455 536 


21 4| 


6 


64 


41 


330064 


18 


2 


2 


75 


11 


458-694 


21 6 


7 


64 


7J 


332-752 


18 


21 


3 


76 


2k 


461-864 


21 6 


8 


64 


11 


335-452 


18 


31 


4 


76 


6} 


465-042 


21 6z 


9 


65 


2i 


338-163 


18 


4| 


6 


76 


84 


468-234 


21 7| 


10 


65 


6; 


340-884 


18 


5| 


6 


76 


111 


471-436 


21 8i 


11 


65 


8i 


343617 


18 


6i 


7 


77 


2i 


474-647 


21 9i 


21 

1 
2 
3 


65 
66 
66 
66 


2i 
5i 
9 


346-361 
349-114 
351-880 
354-657 


18 
18 
18 
18 


7i 
8i 
9i 
10 


8 

9 

10 

11 


77 
77 
78 
78 


5i 
9 
Ok 
3i 


477-871 
481-106 
484-350 
487-607 


21 10| 

21 Hi 

22 0| 
22 1 


4 


67 


Oi 


357443 


18 


m 


25 


78 


6fi 


490-875 


22 1{ 


6 


67 


3r 


360241 


18 


Hi 


1 


78 


9i 


494-151 


22 2} 


6 


67 


H 


363 051 


19 


01 


2 


79 


01 


497-441 


22 3} 


7 


67 


9| 


363 869 


19 


11 


3 


79 


34 


500-741 


22 41 


8 S8 


0^ 


368701 


19 


2i 


4 


79 


7i 


504 051 


22 5^ 


9 68 


35 


371543 


19 


38 


5 


79 


Hi 


507 373 


22 6| 


10 68 


7 


374394 


19 


^t 


6 


80 


M 


510706 


22 7^ 


11:68 


m 


377 258 


19 


5& 


7 


80 


4j 


514048 


22 84 












8 


80 


71 
10 i 


517 403 


22 9 


22 


69 


n 


ISO 133 


19 


&i 


9 


80 


520 769 


22 9i 


1 


69 


4| 


383 017 


19 


64 


10 


81 


u 


524 144 


22 10| 


2 


«9 


7^I:W5 914 


19 


71 


11 


81 


5 


527 531 


22 HI 



VsB OP TUB Abovb Tablb — To find, by iospection, the area of any circle, bom 
f to 100 inches, of which the diameter it ^iyen :---CaUing the diameters feet, the ant 
will be feet ; if rods, or yards, the area wUl be of a correfpooding denoninaUoa. 
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TABLE 
Of Squareg^ CidttM, Square and Cube Rooie of NumUn, 



Ka^M. 


8<iaara. 


Cube. 


8qu«.]loot. 


CvAmMML 


1 


1 


1 


10 


1-0 


3 


4 


8 


1-414213 


1-25992 


3 


9 


27 


1-732050 


1-44325 


4 


16 


64 


20 


1-58740 


6 


25 


125 


2-236068 


1-70997 


6 


36 


216 


2-449'^9 


1-81712 


7 


49 


U3 


2-645751 


1-91293 


8 


64 


612 


2-828427 


20 


9 


81 


729 


30 


2-08008 


10 


100 


1000 


3-162277 


2*15443 


11 


121 


1331 


3-316624 


3-22398 


12 


144 


1728 


3-464101 


2-28942 


13 


169 


2197 


3-605551 


2-35133 


14 


196 


2744 


3-741657 


2-41014 


15 


225 


3375 


3-872983 


2-46621 


16 


256 


4096 


40 


2-51984 


17 


289 


4913 


4-123106 


3-57128 


18 


324 


5832 


4-242640 


2-62074 


19 


361 


6859 


4-358398 


2-66840 


20 


400 


8000 


4-472136 


2-71441 


21 


441 


9261 


4-582575 


2-75892 


22 


484 


10648 


4-690415 


2-80303 


23 


529 


12167 


4-795831 


2-84386 


24 


576 


13824 


4-898979 


2-88449 


25 


625 


15625 


50 


2-92401 


26 


676 


17576 


5-099019 


2-96249 


27 


739 


19383 


5195153 


30 


28 


784 


21952 


5-291502 


3-03658 


29 


841 


24389 


5-385164 


3-07231 


30 


900 


27000 


5-477225 


3-10723 


31 


961 


29791 


5-567764 


3-14138 


32 


1024 


32768 


5'656854 


3-17480 


33 


1089 


35937 


5-744562 


3-20753 


34 


1156 


39304 


5-830951 


3-23961 


35 


1225 


42875 


5-916079 


3-27106 


36 


1296 


46G56 


60 


3-30192 


37 


1369 


50653 


6082762 


3-33222 


38 


14i4 


54872 


6-164414 


3-36197 


39 


1521 


59319 


6-244998 


3-39121 


40 


1600 


64000 


6-324555 


3-41995 


41 


1681 


68921 


6403124 


3-44821 


42 


1764 


74088 


6-480740 


3-47602 


43 


1849 


79607 


6-557438 


350339 


44 


1936 


85184 


6-633249 


3-53034 


45 


2025 


91125 


6-708203 


3-55689 


46 


2116 


97336 


6-782330 


3-58304 


47 


2209 


103823 


6-855654 


3*60882 


48 


2304 


110592 


6-928303 


3-63424 


48 


2401 


117649 


70 


3-66930 
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~ll«iter. 


8q««.. 


Cube. 


SquaraRooU 


Cube Rom. 


60 


2600 


125000 


7-071067 


3-68403 


51 


2601 


132661 


7-141428 


3-70843 


52 


2704 


140608 


7-211102 


373261 


53 


2809 


148877 


7-280109 


3-75628 


54 


2916 


167464 


7-348469 


3-77976 


55 


3025 


166376 


7-416198 


3-80296 


56 


3136 


176616 


7-483314 


3-82686 


57 


3249 


186193 


7-649834 


3-84850 


58 


3364 


196112 


7-616773 


3-87087 


59 


3481 


206379 


7-681145 


3-89299 


60 


3600 


216000 


7-74.5966 


3-91486 


61 


3721 


226981 


7-810249 


3-93649 


62 


3844 


238328 


7-874007 


3-95789 


63 


3969 


260047 


7-937263 


3-97905 


64 


4096 


262144 


80 


4-0 


65 


4225 


274626 


8-062257 


4-02072 


66 


4356 


287496 


8-124038 


4-04124 


67 


4489 


300763 


8186362 


406164 


68 


4624 


314432 


8-246211 


4-08165 


69 


4761 


328609 


8-306623 


4-10156 


70 


4900 


343000 


8-366600 


4-12128 


71 


- 5041 


367911 


8-426149 


4-14081 


72 


5184 


373248 


8-486281 


4-16016 


73 


5329 


389017 


8-644003 


4-17933 


74 


5476 


406224 


8-602325 


419833 


75 


5626 


421875 


8-660264 


4-21716 


76 


5776 


438976 


8-717797 


4-23582 


77 


5929 


466633 


8-774964 


4-25432 


78 


6084 


474662 


8-831760 


4-27265 


79 


6241 


493039 


8-888194 


4-29084 


80 


6400 


512000 


8-944271 


4-30887 


81 


6661 


531441 


9-0 


4-32674 


82 


6724 


661368 


9-066386 


4-34448 


83 


6889 


571787 


9-110433 


4-36207 


84 


7066 


592704 


9165161 


4-37951 


85 


7225 


614125 


9-219644 


4-39683 


86 


7396 


636066 


9-273618 


4-41400 


87 


7669 


668503 


9327379 


4-43104 


88 


7744 


681472 


9-380831 


4-44796 


89 


7921 


704969 


9-433981 


4-46474 


90 


8100 


729000 


9-486833 


4-48140 


91 


8281 


753671 


9-639392 


4-49794 


92 


8464 


778688 


9-691663 


4-M435 


93 


8649 


804367 


9-643660 


4-63065 


94 


8836 


830684 


9-695369 


4-64683 


95 


9026 


867375 


9-746794 


4-56290 


96 


9216 


8S4736 


9-797969 


4-57786 


97 


9409 


912673 


9-848867 


4-59470 


98 


9604 


941192 


9-899494 


4-61043 
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SQUARES, CUBES, AND KOOXS. 



-Ii5ft5r:- 


Sqoare. 


Cube. 


SqiianRooC 


Call, toe 


99 


98J1 


970399 


9-949374 


4G2606 


100 


10000 


1000000 


100 


4-64158 


101 


10201 


1039301 


10049875 


4*65701 


103 


10404 


1061208 


10099504 


4-67233 


103 


10609 


1092727 


10148891 


4-68754 


104 


10316 


1 124804 


10198039 


4-702G6 


101 


11025 


1157625 


10-246950 


4-71769 


106 


11236 


1191016 


10-295630 


4r32S2 


Wi 


11449 


1225043 


10-344080 


4-74745 


108 


11664 


12r)9712 


10-392304 


4-76220 


109 


11881 


1295029 


10-440306 


4-77G85 


110 


12100 


1331000 


10-488038 


4-79142 


HI 


12321 


1337G31 


10-535353 


4*80539 


112 


12544 


1404928 


10-583005 


4-82028 


113 


12769 


1442897 


10-630145 


4-83458 


114 


12996 


1481544 


10-677078 


4*84880 


115 


13225 


1520875 


10-723805 


4-86294 


116 


13456 


156D396 


10770329 


4-87099 


117 


13339 


1G01613 


10-81GS53 


4-89097 


118 


13324 


1643332 


10-832780 


4-94038 


119 


14101 


1035159 


10-903712 


4*91868 


120 


14400 


1723000 


10-954451 


4-93242 


121 


14G41 


1771531 


110 


4-94303 


122 


14334 


1015348 


11045381 


4*95337 


123 


15129 


1830367 


11033536 


4*97319 


124 


15373 


1933324 


11135528 


4*93333 


125 


15325 


19:)3125 


ir 180339 


50 


126 


15370 


2333373 


11224972 


5*01339 


127 


10129 


2343333 


11-200427 


5*02352 


128 


10334 


2337152 


11-313703 


503338 


129 


10341 


2143383 


11-357816 


505277 


130 


iGooa 


2107003 


11-401754 


503579 


131 


171G1 


2248331 


11-445523 


507375 


132 


17424 


2299333 


11-483125 


503164 


133 


17G89 


23.32337 


11-532532 


510446 


134 


17953 


2403104 


11-575333. 


511723 


135 


18225 


2460375 


11 018950 


5*12992 


136 


18496 


2515453 


11-631903 


514256 


137 


187G9 


2571353 


11-704099 


5* 15513 


138 


19044 


2628072 


11-747344 


510764 


139 


19321 


2685619 


11-789826 


518010 


140 


19600 


2744000 


11-832159 


519249 


141 


19881 


2803221 


11-874342 


520482 


142 


20164 


28G3238 


11-916375 


521710 


143 


20449 


2924237 


11-958260 


5*22932 


144 


20736 


2985934 


120 


624148 


145 


21025 


3048625 


12041594 


5*25358 


146 


21316 


3112130 


12083046 


5 26563 


147 


21609 


31715523 


12124355 


6*27763 


148 


21904 


3241792 


12165525 


6*28957 
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-ThSTW. 


Square. 


Cube. 


Square Root. 


ODbeRoM. 


149 


22201 


3307949 


12-206555 


5-30145 


150 


22500 


3375000 


12-247448 


6-31320 


151 


22801 


3442951 


12-288205 


5-32507 


152 


23104 


3511808 


12-328828 


5-33680 


153 


23409 


3581577 


12-369316 


5-34848 


151 


23716 


3652264 


12-409673 


6-36010 


155 


24025 


3723875 


12-449899 


5-37168 


156 


24336 


3796416 


12-489996 


5-38323 


157 


24649 


3869893 


12-529964 


6-394^9 


158 


24964 


3944312 


12-569805 


5-40612 


159 


25281 


4019679 


12-609520 


6-41750 


160 


25600 


4096000 


.12-649110 


5-42883 


161 


25921 


4173281 


12-688577 


5-44012 


162 


26244 


4251528 


12-727922 


5-46136 


163 


26569 


4330747 


12-767145 


6 46255 


164 


26896 


4410944 


12-806248 


6-47370 


165 


27225 


4492125 


12-845232 


5-48480 


166 


27556 


4574296 


12-884098 


5-49586 


167 


27889 


4657463 


12*922848 


5-50687 


168 


28224 


4741632 


12-961481 


5-61784 


169 


28561 


4826809 


13-0 


6-52877 


170 


28900 


4913000 


13-038404 


5-53965 


171 


29241 


5000211 


13076696 


6-65049 


172 


29584 


5088448 


13*114877 


5-56129 


173 


29929 


5177717 


13-152946 


6-57206 


174 


30276 


5268024 


13190906 


5.58277 


175 


30625 


5359375 


13-228756 


5r59344 


176 


30976 


6451776 


13-266499 


6-60407 


177 


31329 


6545233 


13-304134 


661467 


178 


31684 


6639752 


13 341664 


602522 


179 


32041 


5735339 


13-379088 


663574 


180 


32400 


6832000 


13-416407 


5-64621 


181 


32761 


6929741 


13-453624 


5^5665 


182 


33124 


6028568 


13-490737 


666705 


183 


33489 


6128487 


13-527749 


667741 


184 


33856 


6229504 


13-564660 


5-68773 


185 


34225 


6331625 


13-601470 


5-69801 


186 


34596 


6434856 


13-638181 


6-70826 


187 


34969 


6539203 


13-674794 


6-71847 


188 


35344 


6644672 


13-711309 


6-72865 


189 


35721 


6751269 


13-747727 


5-73879 


190 


36100 


6859000 


13-784048 


5-74889 


191 


36481 


6967871 


13-820275 


675896 


192 


36864 


7077888 


13-856406 


676899 


193 


37249 


7189057 


13-892444 


5-77899 


194 


37636 


7301384 


13-928388 


5-78896 


195 


38025 


7414875 


13-964240 


5-79889 


196 


38416 


7529536 


140 


5-80878 


197 


38809 


7645373 


14035668 


6-81864 


188 


39204 


7762392 


14071847 


6-82847 
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Ii«»l»r. 


8qa.«. 


CutM. 


Sqiuralloot. 


CabtB... 


199 


39601 


7880599 


14 106736 


5-83827 


200 


4Q000 


8000000 


14- 142135 


5*84803 


201 


40401 


8120601 


14177446 


5-85776 


202 


40804 


8242403 


14-212670 


5-86746 


203 


41209 


8305427 


14-247806 


5-87713 


204 


41616 


8489664 


14-282856 


5-88676 


205 


42025 


8615125 


14 317821 


5-89636 


206 


42436 


8741816 


14-352700 


5-90594 


207 


42849 


8869743 


14-387494 


5-91548 


208 


43264 


8998912 


14-422205 


5-92499 


209 


43681 


9123329 


14-456832 


5-93447 


210 


44100 


9261000 


14-491376 


5-94391 


211 


44521 


9393931 


14-525839 


6-95334 


212 


44944 


9528128 


14-560219 


6-96273 


213 


45369 


9663597 


14-594519 


5-97209 


214 


45796 


9800344 


14-628738 


6-98142 


315 


46225 


9938375 


14-662878 


6-99072 


216 


46656 


10077696 


14-696938 


6-0 


217 


47089 


10218313 


14-730919 


600924 


218 


47524 


10360232 


14-764823 


6-01836 


219 


47961 


10503459 


14-793648 


6-02765 


220 


48400 


10648000 


14-832397 


603681 


221 


48841 


10793861 


14-886068 


604594 


222 


49284 


10941048 


14-899664 


6-05504 


223 


49729 


11083567 


14-933184 


6-06412 


224 


50176 


'11239424 


15-966629 


607317 


225 


. 50625 


11300625 


150 


6-08220 


226 


61076 


11543176 


15033298 


6-09119 


227 


51529 


11697033 


15-056519 


610017 


228 


51984 


11852352 


15-099668 


6-10311 


229 


52441 


12003939 


. 15132746 


6 11803 


230 


52900 


12167000 


15165750 


6-12692 


231 


53361 


12326391 


15198684 


6- 13579 


232 


53824 


12487168 


15-231546 


6-14463 


233 


54289 


12649337 


15-264337 


6-15344 


234 


54756 


12812904 


15-297058 


6- 16223 


235 


55225 


12977875 


15-329709 


6-17100 


236 


55696 


13144256 


15-362291 


6-17974 


237 


56169 


13312053 


15-394804 


6-18846 


238 


56644 


13481272 


15-427248 


619715 


239 


57121 


13651919 


15-459624 


€20582 


240 


57600 


13824000 


15-491933 


6-21446 


241 


58081 


13997521 


15-524174 


6-22308 


242 


58564 


14172488 


15-556349 


6-23167 


243 


59049 


14348907 


15-588457 


6-24025 


244 


59536 


14526784 


15-620499 


6-24880 


245 


60025 


14706125 


15-652475 


6-25732 


246 


60516 


14886936 


15-684387 


6-26582 


247 


61009 


15069223 


15-716233 


6-27430 


248 


61504 


15252992 


15-748015 


628276 
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Mambee 


Square. 
62001 


Cube. 


Squara Root. 


Cub« E«t. 


249 


15433249 


15779733 


6 29119 


260 


62500 


15625000 


15-811388 


6 29960 


251 


63001 


15813351 


15842979 


630799 


252 


63504 


16003008 


15874507 


6 31635 


253 


64009 


I6l!)l*277 


15905973 


632470 


254 


64516 


163S7064 


15937377 


6 33302 


255 


65025 


16581375 


15 U6S719 


6 34132 


256 


65536 


16777216 


160 


6-34960 


257 


66049 


16974593 


16031219 


6-35785 


258 


66584 


17173512 


18 062378 


6-36809 


259 


67031 


17373J79 


18 093478 


8-37431 


260 


67600 


17578000 


16 124.')15 


6-38250 


261 


68121 


17770331 


18 155494 


6-39037 


262 


68644 


17984728 


16 188414 


6-39882 


283 


69169 


18191447 


16217274 


6-40895 


264 


69698 


18300744 


18-248076 


641506 


265 


70225 


1880^825 


18-278820 


8-42316 


260 


7075G 


18321096 


16301)506 


643122 


267 


7128y 


19034163 


16-340134 


643927 


263 


71824 


19248832 


16370705 


644730 


269 


72361 


19465109 


16401219 


6-45531 


270 


72900 


19683000 


16 431876 


6-48330 


271 


73441 


19902511 


16462077 


647127 


272 


73984 


20123648 


16492422 


6-47922 


273 


74529 


20340417 


18 522711 


8-48715 


274 


75076 


20570824 


16-552945 


649506 


276 


76626 


20796876 


18583124 


6-50295 


276 


76176 


21024576 


18-813247 


6-510S2 


277 


76729 


21253933 


16-643317 


6-51868 


278 


77284 


21484952 


16-673332 


6-52651 


279 


77841 


21717639 


16-703293 


6-53433 


280 


78400 


21952000 


18733200 


6-54213 


281 


78961 


22188041 


10-763054 


654991 


282 


79524 


22425768 


16-792855 


6-55767 


283 


80039 


22685187 


18-822603 


6-58541 


284 


80356 


22906304 


16-852299 


6-57313 


285 


81225 


23149125 


16-881943 


8-58084 


286 


81796 


23393656 


18 911534 


6-58853 


287 


82369 


23639903 


18 941074 


6 59820 


233 


82944 


23887872 


18-970582 


8-60335 


289 


83521 


24137589 


170 


6-61148 


290 


84100 


24389000 


17029386 


661910 


291 


84081 


24642171 


17-058722 


662670 


292 


85264 


24897088 


17088007 


663428 


293 


86849 


25153757 


17-117242 


6-64185 


294 


86436 


25412184 


17146428 


664939 


295 


87025 


25672375 


17- 175564 


6-65693 


296 


87616 


26934336 


17204650 


6-66444 


297 


88209 


26198073 


17-233687 


6-67194 


298 


88804 


36463692 


17262676 


6*67941 
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Muatter. 


Bquiir*. 

89401 


Cul«e. 


Si larr Root. 


CubcKwM. 


2J9 


267^0899 


17-2JIG16 


6-68688 


300 


90000 


27000000 


17-320508 


669432 


301 


90601 


27270901 


17-349351 


6-70175 


302 


91204 


27543608 


17-378147 


6-70917 


303 


91809 


27818127 


17-406895 


6-71656 


304 


92416 


28094464 


17435595 


672395 


305 


93025 


28372625 


17-464249 


6-73131 


306 


93636 


28G52616 


17-402355 


6-73366 


307 


94249 


23934443 


17-521415 


6-74599 


308 


94834 


29218112 


17-549028 


6-75331 


309 


95481 


29503629 


17-578395 


6-76061 


310 


96100 


29791000 


17-606816 


6-76789 


311 


96721 


39330231 


17-635192 


6-77516 


312 


97344 


30371328 


17-663521 


6-78242 


313 


97969 


303G4297 


17-691306 


6-78966 


314 


98596 


30359144 


17720045 


6-79688 


315 


99225 


31255875 


17-748239 


6-80409 


316 


99356 


31554496 


17-770338 


6-81128 


317 


100489 


31855013 


17-804403 


6-81846 


318 


101124 


32157432 


17-332554 


6-82562 


319 


101761 


324G1759 


17-860571 


6-83277 


320 


102400 


32768000 


17-833543 


683990 


321 


103041 


33076161 


17^13172 


6-84702 


322 


103G84 


33386248 


179i4358 


6-85412 


323 


104329 


33698267 


17 972200 


6-86121 


324 


104976 


34012224 


180 


6-86828 


325 


105625 


34328125 


18027756 


6-87534 


326 


106276 


34645976 


18055470 


6-88238 


327 


106929 


34965783 


18083141 


6-88941 


328 


107584 


35287552 


181 10770 


6-89643 


329 


108241 


35611289 


18- 138357 


6-90343 


330 


108900 


35937000 


18- 105902 


6-91042 


331 


109561 


3G264691 


18-193405 


6-91739 


332 


110224 


36594368 


18-220867 


6-92435 


333 


110889 


36926037 


18-248287 


693130 


334 


111556 


37250704 


18-275366 


6-93323 


335 


112225 


37505375 


18-303005 


6-94514 


336 


112896 


37033056 


18-330302 


6-95205 


337 


113569 


38272753 


18-357559 


e-95394 


338 


114244 


3S314472 


18334776 


6-93531 


339 


114921 


38958219 


18-411952 


6-9726S 


340 


115G00 


39304000 


18-439088 


6-97953 


341 


116281 


39651821 


18-466185 


6-98636 


342 


116964 


40001688 


18493242 


6-99.119 


343 


117649 


40353607 


18-520259 


70 


344 


118336 


40707584 


18-547237 


700679 


345 


119025 


41063625 


18574175 


701357 


346 


119716 


41421736 


18-601075 


702034 


347 


120409 


41781923 


18-627936 


702710 


348 


121104 


42144192 


18054758 


703385 
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- ■.»b«r. 


aqunre. ' 


Cube. 


Square Root. 


Cub«&<ML 


349 


121801 


42503549 


18G31541 


704058 


350 


122500 


42875000 


18708286 


7-04720 


351 


123201 


43243551 


18-734994 


7 05400 


352 


123904 


43614208 


18-7G1GG3 


70n0G9 


353 


124609 


43986977 


18-783294 


70G737 


354 


125316 


443G18G4 


18-814887 


707404 


355 


126025 


44738875 


18-841443 


708069 


356 


126736 


45118016 


18-867932 


708734 


357 


127449 


45499293 


18-894443 


709397 


358 


128164 


45882712 


18-920887 


7-10058 


359 


128881 


46268279 


18-947295 


7 10719 


360 


129600 


46656000 


18-973666 


7-11378 


361 


130321 


47045881 


190 


712036 


362 


131044 


47437928 


19 026297 


712G93 


363 


131769 


47832147 


19-052558 


713349 


364 


132496 


48228544 


19078784 


714003 


365 


133225 


48G27125 


19-104973 


714656 


366 


133956 


49027396 


19131126 


7- 15309 


367 


134689 


49430363 


19157244 


715959 


368 


135424 


49836032 


19-183323 


716609 


369 


136161 


50243409 


19-209372 


717258 


370 


136900 


60653000 


19235334 


717905 


371 


137641 


51064811 


19-2G1360 


718551 


372 


138384 


51478849 


19-287301 


719196 


373 


139129 


51895117 


19-313207 


7-19840 


374 


139876 


62313624 


19-339079 


7-20483 


375 


140625 


62734375 


19-364916 


7-21124 


376 


141376 


53157376 


19-390719 


7-21765 


377 


142129 


53582633 


19-416487 


7-22404 


378 


142884 


54010152 


19-442222 


7-23042 


379 


143641 


54439939 


19-4G7922 


7-23679 


380 


144400 


54872000 


19-493588 


7-24315 


381 


1451G1 


55303341 


19-519221 


7-24950 


382 


145924 


5574'2i)G8 


19-544820 


7-25584 


383 


146G89 


5G18I087 


19-570385 


7-26216 


384 


14745G 


56G23104 


19-595917 


7-26848 


385 


148225 


570GGG25 


19-C21416 


7-27478 


386 


148996 


57512456 


19-64G882 


7-28107 


387 


149769 


579G0603 


19-672315 


7-28736 


388 


150544 


58411072 


19-697715 


7-29363 


389 


151321 


58863869 


19-723082 


7-29989 


390 


152100 


59319000 


19-748417 


7-30614 


391 


152881 


69776471 


19-773719 


7-31238 


392 


153664 


60236288 


19-798989 


7-31861 


393 


154449 


60698457 


19-824227 


7-32482 


394 


155236 


61162984 


19-849433 


7-33103 


395 


156025 


61C2U875 


19-874006 


• 7-33723 


396 


156816 


62099136 


19-899748 


7-34342 


397 


157609 


62570773 


19-924858 


7-34959 


398 


158404 


63044792 


19-949937 


7-35676 
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Noaber. 


Sqnan. 


Cub*. 


Square Koot. 


Cri^lUiH. - 


399 


159201 


63521199 


19-974984 


7-36191 


400 


160000 


64000000 


200 


7-3680b 


401 


160801 


64481201 


20024984 


7-37419 


402 


161604 


64964808 


20.049937 


7-38032 


403 


162409 


65450827 


20074859 


7-38643 


404 


163216 


65939264 


20 099751 


7-39254 


405 


164025 


66430125 


20124611 


7-39863 


406 


164836 


66923416 


20149441 


•7-40472 


407 


165849 


67419143 


20174241 


7-41079 


408 


166484 


67917312 


20199009 


7-41685 


409 


167281 


63417929 


20-223748 


7-42291 


410 


168100 


68921000 


20-248456 


7-42895 


411 


168921 


69426531 


20-273134 


7-43499 


412 


169744 


69934528 


20 297783 


7-44101 


413 


170569 


70444997 


20-322401 


7-44703 


414 


171396 


70951944 


20-348980 


7-45303 


415 


172225 


71473375 


29-371548 


7-45903 


416 


173058 


71991296 


20-396078 


7-46502 


417 


173389 


72511713 


20-420577 


7-47099 


418 


174724 


73934632 


20-445048 


7-47696 


419 


175581 


73560059 


20-469489 


7-48292 


420 


176400 


7403S000 


20-493901 


7-48837 


421 


177241 


-46J8461 


29-518284 


7-49481 


422 


178034 


T5 15 1448 


20-642638 


7-50074 


423 


178929 


75686967 


20-566963 


7-50666 


424 


179776 


76225024 


20-591260 


7-51257 


425 


180825 


70765625 


20-615528 


7-51847 


426 


181476 


77303776 


20-6397G7 


7-52436 


427 


182329 


77854483 


20063978 


7-53024 


428 


183184 


73402752 


20-688160 


7-63612 


429 


184041 


78953539 


20-712315 


7-54198 


430 


184930 


79507000 


20-736441 


7-54784 


431 


185761 


80062991 


20-760539 


7-55368 


432 


186624 


80621588 


20-784609 


7-66962 


433 


187489 


81182737 


20-808652 


7-56535 


434 


183356 


81746504 


20-832666 


7-57117 


435 


189225 


82312875 


20-856653 


7-57698 


436 


190096 


82881856 


20-880613 


7-58278 


437 


190969 


83453453 


20-904545 


7-58857 


438 


191844 


84027672 


20-928449 


7-59436 


439 


192721 


84604519 


20-952326 


7-60013 


440 


. 193600 


85184000 


20976177 


7-60590 


441 


194481 


85766121 


21 


7-61166 


442 


195384 


86350888 


21-023796 


7-61741 


M3 


196249 


86938307 


21 047565 


7-62315 


444 


197136 


87528384 


21-071307 


7-62883 


4^15 


198025 


88121125 


21-095023 


7-63460 


446 


198916 


88716536 


21118712 


7-64032 


447 


199809 


89314623 


21 142374 


7-64602 


448 


200704 


89915392 


21166010 


7-66178 
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' HnriMT. 


Bqaaie. 


Cube. 


Square Root. 


Cab«m4Mt. 


449 


201601 


90518849 


21189620 


765741 


450 


202600 


91125000 


21-213204 


- 7-66309 


451 


203401 


91733851 


21-236760 


7-66876 


452 


204304 


92345408 


21-260291 


7-67443 


453 


205209 


92959677 


21-283796 


7-68008 


454 


206116 


93576664 


21-307275 


7-68573 


455 


207025 


94196375 


21-330729 


7-69137 


456 


207936 


94818816 


21-354156 


709700 


457 


208849 


95443993 


21-377558 


7-70262 


458 


209764 


96071912 


21-400934 


7-70823 


459 


210681 


96702579 


21-424285 


7-71384 


460 


211600 


97336000 


21-447610 


7-71944 


461 


212521 


97972181 


21-470910 


7-72503 


462 


^13444 


98611128 


21-494185 


7-73061 . 


463 


214369 


99252847 


21-517434 


7-73618 


464 


215296 


99897344 


21-540659 


7-74175 


465 


216225 


100544625 


21-563858 


7-74731 


466 


217156 


101194696 


21-587033 


7-75286 


467 


218089 


101847563 


21-610182 


7-75840 


468 


219024 


102503232 ' 


21-633307 


7-76393 


469 


219961 


103161709 


21-656407 


7-76946 


470 


220900 


103823000 


21 679483 


• 7-77498 


471 


221841 


104487111 


S51 -702534 


7-78049 


472 


222784 


105154048 


21-725561 


7-78599 


473 


223729 


10-)823817 


21-748563 


7-79148 


474 


224676 


106496424 


21-771541 


7-79697 


475 


225625 


107171875 


21-794494 


7-80245 


476 


226576 


107850176 


21-817424 


7-80792 


477 


227529 


108531333 


21-840329 


7-81338 


478 


228484 . 


109215352 


21-863211 


7 81884 


479 


229441 


109902239 


21-886088 


7-82429 


480 


230400 


110592000 


21-908902 


7-82973 


481 


231361 


111284641 


21-931712 


7 83516 


482 


232324 


111980168 


21-954498 


7 84059 


483 


233289 


112678587 


21-977261 


7.84601 


484 


234256 


113379904 


220 


7-85142 


485 


235225 


114084125 


22022715 


7-85682 


486 


230196 


114791256 


22045407 


7-86222 


487 


237169 


115501303 


22068076 


7-86761 


488 


238144 


116214272 


22090722 


7-87299 


489 


239121 


116930169 


22-113344 


7-87836 


490 


240100 


117649000 


22- 135943 


7-88373 


491 


241081 


118370771 


22-158519 


7-88909 


492 


242064 


119095488 


22-181073 


7-89444 


493 


243049 


119823157 


22 203603 


7-89979 


494 


24403G 


120553784 


22-226110 


7-90512 


495 


245025 


121287375 


22-248595 


7-91046 


496 


246016 


122023936 


22-271057 


7-91578 


497 


247009 


122763473 


22-293496 


7-92110 


498 


248004 


123505992 


22-315913 


7-92640 
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-haute. 


Sqoan. 


Cute. 


Bqnare Root. 


OqImBM. : 


49a 


249001 


124251499 


22-338307 


7-93171 


500 


250000 


125000000 


22-360679 


7-93700 


501 


251001 


125751501 


22-383029 


7-94229 


502 


252004 


126506008 


22-405356 


7-94757 


503 


253009 


127263527 


22-427661 


7-95284 


604 


254016 


128024064 


22-449944 


7-95811 


505 


255025 


128787625 


22-472205 


7-96337 


606 


256036 


129554216 


22-494443 


7-96862 


607 


257049 


130323843 


22-516660 


7-97387 


508 


258064 


131096512 


22-538855 


7-97911 


509 


259081 


131872229 


22-561028 


7-98434 


510 


260100 


132651000 


22-583179 


7-93956 


511 


261121 


133432831 


22-605309 


7-99478 


512 


262144 


134217728 


22-627417 


8-0 


513 


263169 


135005697 


22-649503 


8-00520 


514 


264196 


135796744 


22-671568 


8-01040 


615 


265225 


136500875 


22-693611 


8-01659 


516 


266256 


137388096 


22715633 


802077 


517 


267289 


138188413 


22-737634 


8-02595 


618 


268324 


138991832 


22-759613 


803112 


519 


269361 


139798359 


22-781571 


803629 


520 


270400 


140608000 


22-803508 


804145 


521 


271441 


141420761 


22-825424 


804660 


522 


27-.^4 


142236648 


22-847319 


805174 


523 


273529 


143055667 


22-869193 


805688 


524 


274576 


143877824 


22-891046 


806201 


525 


275625 


144703125 


22-912878 


806714 


626 


276676 


145531576 


22-934689 


807226 


627 


277729 


14G353183 


22-956480 


807737 


628 


278784 


147197952 


22-978250 


808248 


629 


279841 


148335839 


230 


808757 


630 


280900 


148377000 


23021728 


809267 


531 


281961 


143721291 


23043437 


809775 


632 


283024 


1505G8768 


23005125 


810283 


633 


284089 


151419437 


23086792 


810791 


534 


285156 , 


152273304 


23108440 


811298 


635 


286225 


153130375 


23- 130067 


811804 


536 


287296 


153990G56 


23- 151673 


812309 


637 


288369 


154854153 


23- 173260 


812814 


538 


289444 


155720872 


23- 19-1827 


813318 


539 


290321 


156590819 


23-216373 


813822 


640 


291600 


157464000 


23-237900 


814325 


641 


292681 


15834(J421 


23-259406 


814827 


642 


263764 


159220088 


23 280893 


8 15329 


543 


294849 


160103007 


23 302360 


815830 


544 


295936 


160989184 


23 323807 


810330 


545 


297035 


161878625 


23 345235 


8-16830 


546 


298116 


162771336 


23-366642 


817330 


647 


299209 


163667323 


23-388031 


817828 


548 


300304 


164566592 


23-409399 


818326 
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nvmbm. 


Bquiire. 


Cube. 


Square Root. 


c^tLoiu ' 


549 


301401 


165469149 


23-430749 


8-18824 


650 . 


302500 


166375000 


23-452078 


819321 


651 


303601 


167284151 


23-473389 


819817 


552 


304704 


168196608 


23-494680 


8-20313 


553 


305S09 


16911.2377 


23-515952 


8-20808 


554 


306916 


170031464 


23-537204 


8-21302 


555 


308025 


170953875 


23-558438 


8-21796 


556 


309136 


171879616 


23-579652 


8-22289 


557 


310249 


172808093 


23-600847 


8-22782 


558 


311364 


173741112 


23622023 


8-23274 


559 


312481 


174670879 


23-643180 


823760 


560 


313600 


17501G000 


23-604319 


8-24257 


561 


31472J 


176558481 


23-685438 


8-24747 


562 


315844 


177504328 


23-706539 


8-22237 


563 


316969 


178453547 


23-727621 


8-25726 


564 


318096 


179406144 


23-748084 


8-26214 


565 


319225 


180362125 


23-769728 


8-26702 


566 


320356 


181321496 


23-700754 


8-27190 


567 


321489 


182284263 


23-811761 


8-27677 


568 


322624 


183250432 


23-832750 


8-28163 


569 


323761 


184220009 


23-853720 


8-28649 


570 


324900 


185193000 


23874672 


8-29134 


571 


326041 


186169411 


23-895606 


8-29619 


572 


327184 


187149248 


23-916521 


8-30103 


573 


328329 


188132517 


23-937418 


8-30586 


574 


329476 


189119224 


23-958297 


8-31069 


575 


330625 


190109375 


23-979157 


8-31551 


676 


331776 


191102976 


240 


8-32033 


577 


332929 


192100033 


24020824 


8-32514 . 


578 


334084 


193100552 


24041630 


8-32995 


579 


335241 


194104539 


24-062418 


8-33475 


580 


336400 


195112000 


24083189 


8-33955 


581 


337561 


196122941 


24103941 


8-34434 


582 


338724 


1971373G8 


24124676 


8-34912 


583 


339889 


198155287 


24145392 


8-35390 


584 


341056 


199176704 


24166091 


8-35867 


583 


342223 


200201625 


24186773 


8-36344 


586 


343396 


201230056 


24-207436 


8-36820 


587 


344569 


202262003 


24-228082 


8-37296 


688 


345744 


203297472 


24-248711 


8-37771 


589 


346921 


204336469 


24-269322 


8-38246 


590 


348100 


205379000 


24-289915 


8-38720 


591 


349281 


206425071 


24-310431 


8-39194 


592 


350464 


207474688 


24-331050 


8-39667 


593 


351649 


208527857 


24 351591 


8-40139 


594 


352836 


209584584 


24-372115 


8-40611 


595 


364025 


210644875 


24-392621 


8-41083 


696 


355216 


211708736 


24-413111 


8-41664 


697 


356409 


212776173 


24-433583 


8-42024 


698 


357604 


213847192 


24-464038 


8-42494 
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SQUAllES, CUBES, AND ROOTS. 





BvMi^ 


Cube. 


tfqaare RoM. 


CttlMRMt 


599 


358801 


214921799 


24-474476 


8-42963 


600 


360000 


216000000 


24-494897 


8-43432 


601 


361201 


217081801 


24-615301 


8-43U00 


602 


362404 


218167208 


24-535688 


8-44368 


603 


363609 


219256227 


24-556058 


8-44836 


604 


364816 


220348864 


24-576411 


8-45302 


605 


366025 


221445125 


24-596747 


8-45768 


606 


367236 


222545016 ' 


24-617067 


8-46234 


607 


368449 


223648543 


24-637370 


8-46699 


603 


369664 


224755712 


24-657656 


8-47164 


603 


370881 


225866529 


24-677925 


8-47628 


610 


372100 


226981000 


• 24-698178 


8-48092 


611 


373321 


228099131 


24-718414 


8-48555 


613 


374544 


229220928 


24-738633 


8-49018 


613 


375769 


230346397 


24-758836 


8-49480 


614 


376996 


231475544 


24-779023 


8-49942 


615 


378225 


232308375 


24-799193 


8-60403 


616 


379456 


233744896 


24-819347 


8-50864 


617 


380689 


234885113 


24-839484 


8-51324 


618 


381924 


' 236029032 


24-859605 


8-51784 


619 


383161 


237176659 


24-879710 


8-52243 


620 


384400 


238328000 


24-899799 


8-52701 


621 


385841 


239483061 


24-919871 


8-63160 


622 


386884 


240641848 


24-939927 


8-53617 


623 


388129 


241804367 


24-959967 


8-54074 


624 


389376 


242970624 


24 979992 


8-54531 


625 


390625 


244140625 


25-0 


8-54987 


626 


391876 


245314376 


25-019992 


8-65443 


627 


393129 


24G491883 


25-039968 


8-55899 


628 


394384 


247C73152 


25-059928 


8-50353 


629 


395641 


248858189 


25-079872 


8-56808 


630 


396900 


2500470T)0 


25-099800 


8-57261 


631 


398161 


251239591 


25-119713 


857715 


632 


399424 


252435968 


25139610 


8-58168 


633 


400689 


253636137 


25159491 


8-58620 


634 


401956 


254840104 


25-179356 


8-59072 


635 


403225 


256047875 


25-199206 


8-59523 


636 


404496 


257259456 


25-219040 


8-59974 


637 


405769 


258474853 


25-238858 


860425 


638 


407044 


259G94072 


25-258661 


8-60875 


639 


408321 


260917119 


25-278449 


8-61324 


640 


409600 


2G2144000 


25-298221 


8-61773 


641 


410881 


263374721 


25 317977 


8-62222 


642 


412164 


204609288 


25 337718 


8-62670 


643 


413449 


265847707 


25-357444 


8-63118 


644 


414736 


267089984 


25-377155 


8-63565 


645 


416025 


268336125 


25 396850 


804012 


646 


417316 


269586136 


25-416530 


8-64468 


647 


418609 


270840023 


25-436194 


8-64904 


648 


419904 


272097792 


25-455844 


8-65349 
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TABLE 

Of Diameters, Circumferences , and Areas of Circles, and the Contents 
in Gallons Co/ 231 Cubic Inches) at 1 Foot in Depth. 



Diam. 


Circum. 


Area. 


Gallons. 


Diam. 


Circum 


Area. 


Gallons. 




Inches. 


Inches. 






inches. 


Inches. 




1 ill. 


3-1416 


-7854 


-04084 


1 Gi ill 


20-420 


33183 


1-7-2552 


i 


3-5343 


-9940 


-05169 


f 


20-813 


34-471 


1-79249 


i 


3-9270 


1-2271 


-03380 


f 


21-205 


35-784 


1-86077 


1 


4-3197 


1-4S48 


-07717 


i 


21-598 


37122 


1-93034 


4-7124 


1-7671 


•09183 


7 in. 


21-991 


3J-4d4 


2-00117 


f 


5-1031 


2-0739 


•lorHi 


i 


22-^33 


3J-d71 


2-07;i29 


f 


5-4978 


2-4052 


•12308 


i 


22-776 


41-282 


2-14GC6 


i 


5-8905 


2-7611 


-14357 


1 


23-169 


42-718 


2-22134 


2 111. 


6-2S32 


3-141G 


•16333 


i 


23-562 


44-178 


2-29726 


i 


6-6759 


3-54G3 


.18439 


i 


23 964 


45*633 


2-37448 


i 


7-0636 


3-97G0 


-20375 


f 


24-347 


47173 


2-45299 




7-4613 


4-4302 


-23033 


i 


24-740 


48-707 


2-53276 


^ 


7-8540 


4-9037 


•25522 


8 ill. 


25-132 


50-265 


2-61378 


f 


8-2467 


5-4119 


-28142 


1 * 


25-515 


51-848 


2-69609 


1 


8-6394 


5-9305 


-30S83 


' i 


25-918 


53-456 


2-77971 


i 


90321 


6-4918 


-3.J753 


f 


23-310 


55-088 


2-86458 


3 ill. 


9-4248 


7-0386 


•33754 


23-703 


56-745 


2-9:074 


i 


9-8175 


7-6699 


•39379 


i 


27-096 


58^426 


3-03^15 




10-210r 


8-2957 


•43134 


f 


27-489 


60-132 


31:Jv.S6 


1 


10-602 


89462 


-4G519 


i 


27^881 


61-832 


3-. 1.82 


10-995 


9-6211 


-50029 


9 in. 


28^274 


63-617 


3-3(;808 


1 


11-388 


10-3^0 


-53664 


i 


28-667 


65-396 


3-40059 


f 


11-781 


11-044 


-574-29 


i 


29-059 


67-200 


3-49440 


1 


12-173 


11-793 


-61324 


1 


29-452 


69^029 


3-58951 


4 ill. 


12-566 


12-566 


•65343 


i 


29-845 


70-882 


3-68G86 


i 


12-959 


13-364 


•69493 


i 


30-237 


72-759 


3-78347 


i 


13-351 


14-183 


•73767 


f 


30-G30 


74-662 


3-88242 


1 


13-744 


15-033 


•78172 


i 


31-0-23 


76-588 


3-98258 


i 


14137 


15-904 


•82701 


10 in. 


31-416 


78-540 


4-08408 


1 


14-529 


16-800 


•87360 ; 


i 


31-808 


80-515 


4-18678 


f 


14-922 


17-720 


•92144 ' 


i 


32-201 


82-516 


4-29083 


i 


15-315 


18-665 


-97058 1 




32-594 


84-540 


4-39608 


5 in. 


in-708 


19-635 


1-02102 1 


^ 


.32-936 


88-590 


4^50268 


i 


16100 


20-6-29 


1-07271 1 


f 


33 379 


88-664 


4-61053 


i 


16-493 


21-647 


1-12564 


1 


33-772 


90.702 


4-71962 


1 


16-8S6 


22-690 


1-17988 ' 


i 


34-164 92-885 | 


4-8.846 


i 


17-278 


23-758 


1-23542 


11 in. 


34-557 


95033 


4-94172 


1 


17-671 


24-850 


1-29220 ,, 


i 


34-950 


97-205 


5-05466 


f 


18-064 


25-967 


1-35028 ; 


k 


35-343 


99-402 


5-16K90 


i 


18-457 


27-108 


1-40932 


1 


35-735 


101-623 


5-28439 


6 in. 


18-849 


28-274 


1 47025 




33.128 103-839 


5-40119 


* 


19-242 


29-464 


1-53213 1 


n 


36.521 106-139 


5.51923 


i 


19-635 


30-679 


1-59531 1 


4 1 


36.913 1 108-434 


5.C38r.7 


1 


20027 


31-919 


i-()r)')7J , 


.7 


37.303 110-7. 3 


5.75916 



13« 
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TABLE OF DIAMETERS OF CIBCLES, ETC. 



Dlam. 1 Clrcam. 


AvetL. 


Gallons. 


Diam. 


Circum. 


Area. 


Gallona. 


Ft liL Ft In. 


Feet 




Ft. 


In. Vt. 


In. Feet. 




1 ' 3 U 


•7854 


5-8735 


5 


15 


8i 19-6350 


146-8384 


113 4^ 


•9217 1 6^8928 


5 


115 111 20-2947 


151-7718 


12 3 8 


10G90| 7-9944 5 


2 16 


2| 20-96:>6 


156-7891 


1 3, 3 11 


1-2-271' 9176G 5 


316 


5f 21-6475 


161-8886 


I 4' 4 2i 


1-3962' 10-4413 5 


416 


9 22-3400 


167-0674 


1 5 4 5| 


1-5761 


11-78661 5 


5 17 


Oi 23-0437 


172-3300 


1 G 4 8J 
1 7| 4 llf 


1-7671 


13-2150 5 


617 


3i 23-7583 
6f 24-4835 


177-6740 


1-9689 


14-7241, 5 


7 17 


183-0973 


1 8 5 2f 


21816 


16-3148 5 


8 17 


9f 25-2199 


188-6045 


1 9 5 5i 


2-40r)-J 


17-9870 5 


9 18 


OJ 25-9672 


194-1930 


1 10 5 9 


2-6398 19-7414. 5 


10 18 


3|| 26-7251 


199-8610 


1 11 6 2i 


2-8852 


21-4830, 5 


1118 


7i 


27-4943 


205-6133 


2 1 6 3| 


3-1416 


23-49401 6 


18 


lOi 


28-2744 


211-4472 


2 1 6 6i 


3-4087 


25-4916 6 


319 


7i 


30-6796 


229-4342 


2 2: 6 9| 


3-6869 


27-5720 


6 


6 20 


H 


33-1831 


2481564 


2 3 7 Of 


3-9760 


29-7340 


6 


9 21 


n 


35-7847 


267-6122 


2 4 7 31 


4-2760 


32-6976 


7 


121 


m 


38-4846 


287-8032 


2 S! 7 7 


4-:869 


34-3027 


7 


3 22 


91 


41-2825 


308-7270 


2 6 7 lOi 


4-9087 


33-7092 


: 7 


6 23 


«i 


44-1787 


330-3859 


2 7, 8 If 


5-2413 


39-1964 


: 7 


9 24 


4i 


47-1730 


352-7665 


2 8 8 4A 
2 9 8 71 


5-5850 


41-7668 


8 


|25 


u 


50-2656 


375-9062 


5^9395 


44-4179 


: 8 


3 25 11 


53-4562 


399-7668 


2 10 


8 lOf 


6-3049 


47-1505 


8 


6 26 


^'l 


56-7451 


424-3625 


2 11 


9 H 


6-6813 


49-9654 


8 


9 27 


5f 


60-1321 


449-2118 


3 


9 5 


7-0686 


52-8618 


9 


|28 


•M 


63-6174 


475-7563 


3 1 


9 81 


7-4666 


55-8382 


9 


3 29 


o| 


67-2007 


502-5536 


3 2' 9 111 


7-8757 


58-8976 


9 


6 -29 lOi 


70-8823 


530-0861 


3 310 2J 
3 4 10 51 


8-2957 


62-0386 


9 


9 30 


7k 


74-6620 


558-3522 


8-7265 


65-2602 


10 


31 


5 


78-5400 


587-3534 


3 510 8f 


9-1683 


68-5193 


10 


332 


2f 


82-5160 


617-0876 


3 6 10 Ui 


9-6211 


73-1504 


10 


6 32 Hi 


86-5903 


647-5568 


3 7 11 3 


10-0846 


75-4166 


10 


9 33 


9i 

6^ 


90-7627 


678-2797 


3 811 6i 


10-5591 


78-9652 


11 • 


34 


95-0334 


710-6977 


3 911 9| 


11-0446 


8:^.5959 


11 


335 


4i 


99-4021 


743-3686 


3 10 12 5i 


11-5409 


86-3074 


|11 


6 36 


1^103-8691 


776-7746 


3 1112 


12-0481 


90-1004 


11 


9 33 


101 10^-4342 


810-9143 


4 112 61 


12-5664 


93-9754 


112 


'37 


8| 113-0976 


848-1890 


4 112 9i 


130952 


97-9310 


,12 


3 38 


5f 117-8590 


681-3966 


4 2 13 1 


13-6353 


101-9701 


12 


6 39 


3l 122-7187 
0| 127-6765 


917-7395 


4 313 4i 


14-1862 


103-0.100 


12 


9 40 


954-8159 


4 4 13 7i 


14-7479 


110-2907 


13 


40 10 1132-7326 


992-6274 


4 513 lOA 


15-3206 


114-5735 


13 


3 41 


7i 137-8867 


1031-1719 


4 614 l| 


15^9043 


118-9386 


13 


6 42 


4| 143-1391 


1070-4514 


4 7 14 4^ 


16^4986 


123-3830 


13 


9 43 


21 148-4896 


1108-0645 


4 814 7i 


17.1041 


127-9112 


14 


!43 


llf 153-9:^4 


1151-2129 


4 914 11 


17.7205 


132-5209 


14 


3 44 


9i 159-48,52 


1192-6940 


4 1016 2i 


18.3476 137^2105 


14 


6 45 


6| 165-1303 


1234-9104 


4 1115 5^ 


18.9858 ' 142^0582 


14 


9 46 


4 1170-8735 1277-8615 
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Diam. j Circum. 1 Area. 1 CaUonB. 


Diam. Circ"*m. 


Area* ^ Gallona. 


Ft. 


In. Ft. 111. 1 Feet. 1 | 


Ft. 


In. Ft In.l Feet | 


15 


,47 1^1767150 1321-5454 '17 


53 41226-98061697-4516 


15 


3,47 10^182-6545 13659634 1 17 


3 54 24233-7055 1747-7431 


15 


6 48 8i l^«-^^^3 1407-5165 17 


6 54 (1^240-5287 1798-7698 


15 


9 49 51194-8282 14570032 17 


9 5& 9i 247-4500 1850-530J 


16 


150 3i201-05'24 ir.03-6250 18 


56 6i 254-4696 1903-02r.4 


16 


3 51 OA 207-3946 1550-9797 18 


3 57 4 ,2"61-5872 1956-2537 


16 


6 51 10 213-8251 1599 0696 18 


6 58 1| 268-8031 20102171 


16 


9 52 7| 220-3537 1647-8930 ,18 


9 58 lOf 2761171 2064-91 40 
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DECIMAL EQUIVALENTS. 



FRACTIONS OF A LINEA.L INCH CONVERTED INTO DECIMALS. 



8ths. 

Jr=a25 
i = .25 
i = .375 

i = .50 
f = .625 
i = .75 
I = .875 



16ths. 

tV=.0625 
A = .1B75 
A = .3125 
T^ = .4375 

X=.5625 
J^l = .6875 



^ = .8125 
1 J = .9375 

32nds. 

^.j=. 03125 
-/^ = .09375 
/^ = .15625 
■^.j = .21875 
ij^- = .28125- 
H = .34375 
^f = .40625 
il = .46875 
U = .53125 
it = .59375 
U = .65625 
M = .71875 
If = .78125 
II = .84375 



^| = . 90625 
U = .96875 

64ths. 

^ = .015625 
^\ = .046875 
^4: = . 078125 
iiV = . 109375 

S = .140625 
= .171875 
= .203125 
ii = .234375 
^l = .265625 
H = .296875 
gi = .328125 
f f = .359375 
f i = .390625 
f^ = . 421875 



H = . 453125 

|i = . 484375 
If = .515625 
M = . 546875 
|j = . 578125 
If = .609375 
Ji = . 640625 
a = .671875 
M = . 703125 
a = .734375 
} = . 765625 
] = .796875 
If = .828125 
} = . 859375 
f = .890625 
^ = .921875 
; = .953125 
If = .984375 



CONVERSION OF VULGAR FRACTIONS INTO DECIMALS. 



Practiona. 


Decimals. 


' Fractions. 


Decimala. 


1:2 


.5 


1 7:8 


.875 


1:3 


.33333 


5:12 


.41666 


2:3 


.66666 


! 7:12 


.58333 


1:4 


.25 


! 11 : 12 


.925 


3:4 


.75 


: 1:24 


.04166 


1:5 


.2 


i 5:24 


.28333 


3:5 


.6 


7:24 


.29166 


1:6 


.16666 


11 : 24 


.45833 


5:6 


.83333 


! 13 : 24 


.54166 


1:8 


.125 


; 17 : 24 


.70833 


3:8 


.375 


' 19 : 24 


.79166 


5:8 


.625 


1 23 : 24 


.95833 
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CONVERSION OF FRACTIONS OF AN INCH INTO DECIMALS OF A 
LINEAL FOOT. 



A Inch = 0001375 feet. 


f Inch = 0-03125 feet. 


^ " =0-00265 '' 


i " =0-04166 " 


tV " =0-005208 '■ 


1 " =0-05208 " 


i " =0-01041 ' 


f -" =0-0625 " 


i '* =0-02083 '' 


J " =0-07291 " 



CONVERSION OF INCHES AND FRACTIONS (UP TO 12 INCHES) INTO 
DECIMALS OF A LINEAL FOOT. 



Inches 




H 


3i 


H 


% 


H 


H 


% 


1 


.08333 


.09375 


.10416 


.114,58 


.125 


.13541 


.14588 


.15639 


2 


.16666 


.17707 


.1875 


.19792 


.20832 


.21873 


.22914 


.23965 


3 


.25 


.26041 


.270 


.28125 


.29166 


.30208 


.31-25 


.32291 


4 


.^3333 


.34375 


.35416 


.364 


.375 


.38541 


.39588 


.40639 


5 


.41666 


.42707 


.437 


.44792 


.45832 


.46873 


.47914 


.489(>5 


6 


.5 


X1041 


.520 


.53125 


.54166 


.55208 


.2625 


.57291 


7 


.58333 


.59375 


.60416 


.614 


.625 


.6:^541 


.64588 


.65639 


8 


.66666 


.67707 


.685 


.69792 


.70832 


.71773 


.72914 


.73965 


9 


.75 


.76041 


.770 


.78125 


.79169 


.80208 


.8425 


.82291 


10 


.83333 


.84375 


.85416 


.864 


.875 


.88541 


.89588 


.90639 


11 


.91666 


.92707 


.937 


.94792 


.95832 


.96873 


.97914 


.98965 


12 


1 foot. 


foot. 


foot. 


foot. 


foot. 


foot. 


foot. 


foot. 



CONVERSION OF INCHES INTO DECIMALS OF A LINEAL YARD. 



1 inch = -0277 yard. 


5 inches = -1389 yard. 


9 inches = *25 yar 


2 inches = -0555 ** 


6 *' =-1666 '' 


10 " =-2778 '' 


3 " =0833 " 


7 '' =-1944 " 


11 " =-3055 " 


4 " =-1111 " 


8 " —-2222 " 12 '' —-3333 " 



DECIMAL EQUIVALENTS OF POUNDS AND OUNCES AVOIRDUPOIS. 



Ozt. 


ib«. 


i = 


•015625 


+ = 


•03125 


i = 


•046875 


1 = 


•0625 


1^ = 


•09375 


2 = 


•125 


2i = 


•15625 



3 ='1875 
3i= -21875 

4 =-25 
4i = -28125 

5 =-3125 
5i = -34375 

6 =373 



6i=^40625 

7 =-4375 

7i= -46875 

8 =^5 

8i = ^53125 

9 =-5625 
9i = ^59375 



10 =-625 
lOi = -65625 

11 =-6875 
11J = -71875 

12 =-75 
12i = -78125 

13 =-8125 



13i = -84375 

14 =-875 
14i = -90025 

15 =-9375 
15i = -96875 

16 =1 
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SCANTLING AND TIMBER, 
Aeeuratdy reduced to Inch Board Meatwrtk 

EXPLANATION. 

The length of any piece of scantling, or timber^ill be found in 
the left-hand column, under the side dimensions. The breadth and 
depth (or side dimensions), in inches, will be found at the head or 
center of each column of computations. Thus, on page 261, a piece 
of scantling 2h by 11 inches, side dimension, and 16 feet long, is 
shown to contain 36 feet and 8 inches, of board measure. On page 
263, a piece of scantling 4 by 10 inches, side dimension, and 17 feet 
long, is shown to contain 56 feet 8 inches of board measure. The 
answer sought for, in all cases, will be found directly on the right of 
the length, and under the side dimensions. If a piece of scantling, 
or stick of timber, sliould exceed in length any provision which has 
been made in these tables, its contents would be shown by taking 
twice what is shown for half its length. Thus, a stick of timber, or 
piece of scantling, 46 feet long, would contain twice as many feet, 
board measure, as is shown in the table to be the contents of a stick 
23 feet long. So also, one 39 feet long would contain as many feet, 
board measure, as these tables show opposite to 22 and 17 feet long, 
or 3 times the contents of one 13 feet long. 

TABLES. 



a by a. 


a 


by 3. 


s 


by*. 


a by 5. 


a 


byO. 


—» 


byT. 


il 1 0-1 


i^ 


06 


•^3 


0-8 


■al 


010 


^1 


1- 


V- 


1-2 


h 


0-8 


^3 


1- 


1-4 


•^3 


1-8 


S2 


2- 


p 


2-4 


^3 


1- 


1-6 


2- 


2-6 


•^3 


3- 


^3 


36 


4 


1-4 


4 


2- 


4 


2-8 


4 


34 


4 


4- 


4 


4-8 


5 


1-8 


6 


2-6 


6 


34 


5 


4-2 


6 


5- 


6 


510 


6 


2- 


6 


3 


6 


4- 


6 


5 


6 


6- 


6 


7- 


7 


24 


7 


36 


7 


4-8 


7 


510 


7 


7- 


7 


8-3 


8 


2-8 


8 


4- 


8 


5-4 


8 


6-8 


8 


8- 


8 


94 


9 


3- 


9 


4-6 


9 


6- 


9 


7-6 


9 


9- 


9 


106 


10 


34 


10 


5- 


10 


6-8 


10 


8-4 


10 


10- 


10 


11-8 


11 


38 


n 


6-6 


11 


7-4 


11 


9-2 


11 


11- 


11 


1210 


12 


4- 


12 


6- 


12 


8- 


12 


10- 


12 


12- 


12 


14- 


13 


4-4 


13 


6-6 


13 


8-8 


13 


1010 


13 


13- 


13 


15-2 


14 


4-8 


14 


7- 


14 


9-4 


14 


11-8 


14 


14- 


14 


16-4 


Ifi 6- 1 


15 


7-6 


15 


10- 


15 


12-6 


15 


15- 


15 


17-6 


IG 


5-4 


16 


8- 


16 


10-8 


16 


13-4 


16 


16- 


16 


18-8 


17 


6-8 


17 


8-6 


17 


11-4 


17 


14-2 


17 


17- 


17 


1910 


18 


6- 


18 


9- 


18 


12- 


18 


15- 


18 


18- 


18 


21- 


19 


6-4 


19 


9-6 


19 


12-8 


19 


1510 


19 


19- 


19 


22-2 


20 


68 


20 


10- 


20 


13-4 


20 


16-8 


20 


20- 


20 


23-4 


21 


7- 


21 


10-6 


21 


14- 


21 


17-6 


21 


21- 


21 


24-6 


22 


7-4 


22 


li- 


22 


14-8 


22 


18-4 


22 


22- 


22 


258 


23 


7-8 


23 


ne 


23 


15-4 


23 


19-2 


23 


23- 


23 


2610 


24 


8- 


24 


12- 24 1 


16 


24 


20 


24 


24- 


24 


28- 
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>«by8. 1 


ai 


t)ytt. ! 


a by 10. 


abyU. 


a* by 6. 


a* by*. 


ti 


1-4 


■31 


1-6 


5^1 


1-8 


i^ 


110 


•^3 


11 


5i 


1-3 


2-8 


¥2 


3- 


|2 
"^3 


34 


p 


38 


21 


g2 


26 


4- 


■^3 


4-6 


5 


•^3 


5-6 


3-2 


-^3 


39 


4 


5-4 


4 


6- 


4 


68 


4 


7-4 


4 


4-2 


4 


6- 


6 


68 


6 


7-6 


5 


8-4 


5 


9-2 


5 


53 


5 


6 3 


6 


8- 


6 


9- 


6 


10 


6 


11- 


6 


6-3 


6 


76 


7 


9-4 


7 


10-6 


7 


11-8 


7 


1210 


7 


7-4 


7 


8-9 


8 


10-8 


8 


12- 


8 


13-4 


8 


14-8 


8 


8-4 


8 


10 


9 


12- 


9 


13-6 


9 


6 


9 


16-6 


9 


9-5 


9 


113 


10 


13-4 


10 


15- 


10 


16-8 


10 


18-4 


10 


10-6 


10 


12-6 


11 


14-8 


11 


16-6 


11 


18-4 


11 


202 


11 


11-6 


11 


13-9 


12 


16- 


12 


18- 


12 


20- 


12 


22- 


12 


12-6 


12 


15- 


13 


17-4 


13 


19-6 


13 


21-8 


13 


2310 


13 


13-7 


13 


16-3 


14 


18-8 


14 


21- 


14 


23-4 


14 


25-8 


14 


147 


14 


17-6 


15 


20- 


15 


22-6 


15 


t.5 


15 


27G 


15 


15-8 


15 


18'9 


IG 


21-4 


16 


24- 


16 


::6 8 


16 


29-4 


16 


1G8 


16 


2P- 


17 


22-8 


17 


25 6 


17 


28-4 


17 


31-2 


17 


17-9 1 


17 


21-3 


18 


24- 


18 


27 


18 


30- 


18 


33- 


18 


18 9 1 


18 


22-6 


ID 


25-4 


19 


28-6 


19 


318 


19 


34-10 


19 


1910 


IQ 


23-9 


::) 


26-8 


20 


30 


20 


33-4 


20 


3G-8 


20 


2010 


20 


25- 


•Ji 


28- 


21 


31-6 


21 


35- 


21 


38G 


21 


2111 


21 


2G-3 


22 


29-4 


22 


S3- 


22 


30-8 


22 


404 


22 


22-11 


22 


27-6 


23 


30-8 


23 


34-6 


23 


38-4 


23 


422 


23 


24- 


23 


28-9 


24 


32- 


24 


36- 


24 


40- 


24 


44- 


24 25- 

a^byii. • 


24 


30- 


a by 7. 1 


"W 


by 8. 


_aiby9. 1 


«4 i.y 10. 1 


a \ by la. 


^3 


1-6 


V 


1-8' 


Jl 


111 


1' 

•^3 


21 


■^3 


2-4 


3 


26 


211 


•^3 


3-4 


■^3 


3-9 


4-2 


4-7 


5. 


45 


6- 


5-8 


6-3 


7 


^3 


76 


4 


510 


4 


6-8 


4 


7.6 


4 


84 


4 


9-2 


4 


10- 


5 


7-4 


5 


8-4 


5 


95 


5 


10-5 


5 


11-6 


5 


126 


6 


89 


6 


10 


6 


11-3 


6 


126 


6 


13-9 


6 


16- 


7 


103 


7 


11-8 


7 


132 


7 


14-7 


7 


16 


7 


17-6 


8 


11-8 


8 


13-4 


8 


15 


8 


168 


8 


18-4 


8 


20- 


9 


132 


9 


16- 


9 


IGII 


9 


18-9 


9 


20-8 


9 


22-6 


10 


14-7 


10 


16-8 


10 


18-9 


10 


2010 


10 


23- 


10 


25- 


11 


10 1 


11 


184 


11 


20-8 


11 


2211 


11 


253 


11 


27-6 


12 


17 6 


12 


20- 


12 


22 6 


12 


25- 


12 


27-6 


12 


30- 


13 


19 


13 


21-8 


13 


24 5 


13 


C7 1 


13 


29-10 


13 


326 


U 


205 


14 


23-4 


14 


263 


14 


29-2 


14 


321 


14 


36- 


15 


21 11 


15 


25- 


15 


28-2 


15 


31-3 


15 


344 


15 


376 


16 


234 


16 


26-8 


16 


30- 


16 


33-4 


16 


368 


16 


40- 


17 


24 10 


17 


28-4 


17 


31 11 


17 


355 


17 


39- 


17 


42-6 


18 


263 


18 


30 


18 


33 9 


18 


37.6 


18 


U3 


18 


46- 


P.) 


•:79 


19 


31-8 


19 


358 


19 


397 


19 


437 


19 


476 


20 


2D 2 


20 


33-4 


20 


37 6 


20 


41-8 


20 


45-10 


20 


50- 


21 


308 


21 


35 


21 


39 5 


21 


439 


21 


48-2 


21 


52 6 


22 


32 1 


22 


36-8 


22 


413 


22 


45 10 


22 


605 


22 


55- 


23 


33-7 


23 


38-4 


23 


432 


23 


4711 


23 


529 


23 


57-6 


24 


35- 


24 


40- 


24 


46- 


24 


60- 


24 


66* 


24 


60- 
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SI73. 


3 


by 4. 


3by5. 


3 


by 6. 


3by7. 


3 by 8. 


%^ 


0-9 


tl 


1- 


It^ 


1-3 


i* 


16 


41 


1-9 


•^3 


2- 


p 


1-6 


h 


2- 


b 


2-6 


h 


3- 


h 


36 


4- 


■^3 


2-3 


•^3 


8- 


•^8 


3-9 


•^3 


4-6 


•^3 


6-3 


6- 


4 


3- 


4 


4- 


4 


6- 


4 


6- 


4 


7- 


4 


8- 


5 


3-9 


6 


6- 


6 


63 


6 


7-6 


6 


8-9 


5 


10 


6 


4-6 


6 


6- 


6 


7-6 


6 


9- 


6 


10-6 


6 


12- 


7 


6-3 


7 


7- 


7 


8-9 


7 


106 


7 


12-3 


7 


14- 


8 


6- 


8 


8- 


8 


10- 


8 


12- 


8 


14- 


8 


16- 


9 


6-9 


9 


9- 


9 


11-3 


9 


13-6 


9 


15-9 


9 


18 


10 


7-6 


10 


lo- 


10 


12-6 


10 


15- 


10 


17-6 


10 


20- 


11 


8-3 


11 


ll- 


11 


13-9 


11 


166 


11 


19-3 


11 


22- 


12 


9- 


12 


12- 


12 


15- 


12 


18- 


12 


21- 


12 


24- 


13 


9-9 


13 


13- 


13 


16-3 


13 


19-6 


13 


22-9 


13 


26- 


14 


10-6 


14 


14- 


14 


17-6 


14 


21- 


14 


246 


14 


28- 


15 


11-3 


15 


15- 


15 


18-9 


15 


22-6 


15 


23-3 


15 


30- 


16 


12- 


16 


16- 


16 


20- 


16 


24- 


16 


28- 


16 


32- 


17 


12-9 


17 


17- 


17 


21-3 


17 


25-6 


17 


29-9 


17 


34- 


18 


13-6 


18 


18- 


18 


22-6 


18 


27- 


18 


31-6 


18 


36- 


19 


14-3 


19 


19- 


19 


23-9 


19 


28-6 


19 


33-3 


19 


38- 


20 


15- 


20 


20- 


20 


25- 


20 


30- 


20 


35- 


20 


40- 


21 


15-9 


21 


21- 


21* 


26-3 


21 


31-6 


21 


36-9 


21 


42- 


22 


16-6 


22 


22- 


22 


27-6 


22 


33 


22 


38-6 


22 


44- 


23 


173 


23 


23- 


23 


28-9 


23 


34-6 


23 


40-3 


23 


46- 


24 


18- 


24 


24- 


24 


30- 


24 


36- 


24 


42. 


24 


43- 


3by». 


3 by 10. 


3 by 11. 


3byia. 1 


4by4. 1 


~4" 
-'1 


by 5. 


V 


2-3 


|1 


2-6 


|1 


2-9 


•^3 


3- 




1-4 


1-8' 


P 


4-6 


•^3 


5- 


^3 


5-6 


6- 


2*2 


2-8 


P 


3-4 


^3 


6-9 


7-6 


8-3 


9- 


^3 


4- 


-^3 


5- 


4 


9- 


4 


10- 


4 


11- 


4 


12- 


4 


54 


4 


6 8 


6 


11-3 


6 


12-6 


5 


13-9 


5 


15- 


5 


6-8 


6 


8-4 


6 


13-6 


6 


15- 


6 


16-6 


6 


18- 


6 


8- 


6 


10- 


7 


15-9 


7 


17-6 


7 


19-3 


7 


21- 


7 


9-4 


7 


11-8 


8 


18- 


8 


20- 


8 


22- 


8 


24- ' 


8 


10-8 


8 


134 


9 


20-3 


9 


22-6 


9 


24-9 


9 


27- 


9 


12- 


9 


15- 


10 


22-6 


10 


25- 


10 


27-6 


10 


30- 


10 


13-4 


10 


16-8 


11 


24-9 


11 


27-6 


11 


30-3 


11 


33- 


11 


14-8 


11 


18-4 


12 


27- 


12 


30- 


12 


33- 


12 


36- 


12 


16- 


12 


20- 


13 


29-3 


13 


32-6 


13 


35-9 


13 


39- 


13 


17-4 


13 


21-8 


14 


31-6 


14 


35- 


14 


38-6 


14 


42- 


14 


18-8 


14 


23-4 


16 


33 9 


15 


37-6 


15 


41-3 


15 


45- 


15 


20- 


15 


25- 


16 


36- 


16 


40- 


16 


44- 


16 


48- 


16 


21-4 


16 


26-8 


17 


38-3 


17 


42-6 


17 


46-9 


17 


51- 


17 


22-8 


17 


28-4 


18 


40-6 


18 


45- 


18 


49-6 


18 


54- 


18 


24- 


18 


30- 


19 


42-9 


19 


47-6 


19 


52-3 


19 


57- 


19 


25-4 


19 


31-8 


20 


46- 


20 


60- 


20 


55- 


20 


BO- 


20 


26-8 


20 


33-4 


21 


473 


21 


52-6 


21 


57-9 


21 


OS- 


21 


28- 


21 


35- 


22 


49-6 


22 


55- 


'22 


60-6 


22 


66- 


22 


29-4 


22 


36-8 


63 


51-9 
64- 


23 


67-6 


23 


63-3 


23 


69- 


23 


30-8 


23 


38-4 


S4 


24 


60- 


24 


66- 


24 


72- 


24 


32- 


24 


40- 
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• ♦bye. 1 


4 


r^7. 


*by8. 1 


4 


by9. 1 


4 by 10. 


4byll. 


(J 


2- 


"i} 


2-4 


11 


2-8 


i* 


3- 


li 


3-4 


l« 


38 


4- 


^3 


4-8 


^ 


5-4 


h 


6- 


6-8 


7-4 


•-3 


6- 


7- 


'^3 


8- 


•^3 


9- 


10- 


^3 


11- 


4 


8- 


4 


9-4 


4 


10-8 


4 


12- 


4 


13-4 


4 


14-8 


6 


10- 


5 


11-8 


5 


13-4 


5 


15- 


5 


16-8 


6 


18-4 


6 


12- 


6 


14- 


6 


16- 


6 


18- 


6 


20- 


6 


22- 


7 


14- 


7 


16-4 


7 


18-8 


7 


8i- 


7 


23-^ 


7 


25-8 


8 


16- 


8 


18-8 


8 


21-4 


8 


M 


8 


ii'6'6 


A 


29-4 


9 


18- 


9 


21- 


9 


24- 


9 


27- 


» 


30 


9 


13 


10 


20- 


10 


23-4 


10 


26-8 


10 


30- 


l« 


334 


10 


rJ6 8 


U 


22- 


11 


258 


11 


29-4 


11 


33- 


11 


36-8 


11 


404 


18 


24- 


12 


28- 


12 


32- 


12 


36- 


12 


40- 


12 


44- 


13 


26 


13 


30-4 


13 


34-8 


13 


39- 


13 


434 


13 


47-8 


14 


28- 


14 


32-8 


14 


37-4 


14 


42- 


14 


46-8 


14 


61-4 


15 


30- 


15 


35- 


15 


40 


15 


45- 


15 


60- 


15 


55- 


IG 


32 


16 


37-4 


16 


42-8 


16 


48- 


16 


53-4 


16 


68-8 


17 


34- 


17 


39-8 


17 


45-4 


17 


51- 


17 


56-8 


17 


62;4 


18 


36- 


18 


42- 


18 


48- 


18 


54- 


18 


60- 


18 


66- 


19 


38- 


19 


44-4 


19 


60-8 


19 


67- 


19 


63-4 


19 


69-8 


20 


40- 


20 


46-8 


20 


634 


20 


Go- 


20 


66-8 


20 


73-4 


21 


43- 


21 


49- 


21 


56- 


21 


es- 


21 


70- 


21 


77- 


22 


44- 


22 


51-4 


22 


58-8 


22 


66- 


22 


73-4 


22 


80-8 


23 


46- 


23 


53-8 


23 


61-4 


23 


69- 


23 


76-8 


23 


84-4 


24 


48- 


24 


66- 


24 


64- 


24 


72- 


24 


80- 


24 


88- 


4b 


yliS. 


5" 


by 5. 


ftbyG. '1 


31 


WfT- 


=T 


by 8. 


5 by 9. 


V 


4- 


jl 


2 1 


i^ 


2-6 


lA 


211 


f 1 


3-4 


i^ 


39 


•^3 


8- 


•^3 


4-2 


h 

-^3 


6- 


s2 
•^3 


510 


S°2 
•^3 


6-8 


^3 


7-6 


12- 


63 


7-6 


8-9 


10- 


11-3 


4 


16- 


4 


8-4 


4 


10- 


4 


118 


4 


13-4 


4 


15- 


5 


20- 


5 


105 


5 


12-6 


5 


14-7 


5 


16-8 


5 


18-9 


6 


24- 


6 


12-6 


6 


15- 


6 


17-6 


6 


20- 


6 


22-6 


7 


28- 


7 


14-7 


7 


17-6 


7 


205 


7 


23-4 


7 


26-3 


8 


32- 


8 


16-8 


8- 


20- 


8 


234 


8 


26-8 


8 


30- 


9 


36- 


9 


18-9 


9 


22-6 


9 


263 


9 


30- 


9 


33-9 


10 


40- 


10 


2010 


10 


25- 


10 


29-2 


10 


33-4 


10 


37-6 


11 


44- 


11 


2211 


11 


27-6 


11 


321 


11 


36-8 


11 


41-3 


12 


48- 


12 


25- 


12 


30- 


12 


35 


12 


40- 


12 


45- 


13 


52- 


13 


271 


13 


32-6 


13 


3711 


13 


43-4 


13 


48-9 


14 


56- 


14 


29-2 


14 


35- 


14 


4010 


14 


468 


14 


626 


15 


60 


15 


313 


15 


376 


15 


439 


15 


50- 


15 


56-3 


16 


64- 


16 


334 


la 


40- 


16 


46-8 


16 


53-4 


16 


60- 


17 


68- 


17 


35-5 


17 


42-6 


17 


49-7 


17 


56-8 


17 


63.9 


18 


72- 


18 


37-6 


18 


45- 


18 


52-6 


18 


GO- 


18 


67-6 


19 


76- 


19 


39-7 


19 


47-6 


19 


55-5 


19 


63-4 


19 


71-3 


20 


80- 


20 


41-8 


20 


50- 


20 


58-4 


20 


66-8 


20 


75- 


21 


84- 


21 


43-9 


21 


52-6 


21 


61-3 


21 


70- 


21 


789 


22 


88- 


22 


4510 


22 


55- 


22 


64-2 


22 


63-4 


22 


82-6 


23 


92- 


23 


4711 


23 


576 


23 


671 


23 


76-8 


23 


863 


24 


96- 


24 


50- 


24 


60. 


24 


70- 


24 


80* 


24 


90- 



13** 
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6 


t>y6. 
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il 
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•^3 


3 


^1 
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^ 


4- 


11 


41 
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h 


8-4 


6- 


h 


7- 


8- 


P 


8-2 


9-4 


■^3 


126 


9 


•^3 


106 


12- 


•^3 


12-3 


14- 


4 


16-8 


4 


12- 


4 


14- 


4 


16- 


4 


16-4 


4 


108 


6 


2010 


6 


15- 


5 


17-6 


5 


20- 


5 


205 


5 


24-t 


A 


25 


6 


18- 


6 


21- 


6 


24- 


6 


24-6 


6 


28- 


7 


29-2 


7 


21 


7 


24-6 


7 


28- 


7 


28-7 


7 


32-8 


8 


33-4 


8 


24- 


8 


28- 


8 


32 


8 ' 


32-8 


8 


374 


9 


37-6 


9 


27- 


9 


31-6 


9 


36 


9 ' 


36-9 


9 


42- 


10 


41-8 


10 


30- 


10 


35- 


10 


40- 


10 1 


40-10 


10 


4G-8 


11 


4510 


11 


33- 


11 


38-6 


11 


44- 


11 


44-il 


11 


51-4 = 


12 


50- 


12 


36- 


12 


42- 


12 


48- 


12 


49- 


12 


56 


13 


54-2 


13 


39- 


13 


45-6 


13 


52 


13 


531 


13 


60-8 


14 


58-4 


14 


42- 


14 


49- 


14 


56 


14 


572 


14 


65-4 


15 


62-6 


15 


45- 


15 


52-6 


15 


60- 


15 


61-3 


15 


70 


16 


668 


10 


48- 


16 


56- 


16 


64- 


16 


65-4 


16 


74-8 


17 


7010 


17 


51- 


17 


59-6 


17 


68- 


17 


69-5 


17 


79-4 


18 


75 


18 


54- 


18 


63- 


18 


72- 


18 


73-6 


18 


84- 


19 


79-2 


19 


57- 


19 


66-6 


19 


76- 


19 


77-7 


19 


88-8 


20 


834 


20 


60- 


20 


70- 


20 


80- 


20 


81-8 


20 


93-4 


21 


870 


21 


63- 


21 


73-6 


21 


84- 


21 


85-9 


21. 


98- 


22 


91-8 


22 


66- 


22, 


77- 


22 


83- 


22 


8910 


22 


102-8 


23 


95 10 


23 


69- 


23 


80-6 


23 


92- 


23 


9311 


23 


107-4 
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24 
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24 


84- 


24 
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24 
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24 
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8b 
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53 


i^ 
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G- 
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P 
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^l 
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12- 


S2 
^3 


13-4 


VZ 
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15-9 
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^3 
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4 
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4 
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4 


24- 


4 


26-8 


4 


27- 


4 


SO 


5 


26-3 


5 


26-8 


5 


30- 


5 


334 


5 


330 


5 


37-6 


6 


31-6 


6 


32- 


6 


36- 


6 


40- 


6 


40-6 


6 


45- 


7 


36-9 


7 


37-4 


7 


42- 
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46-8 
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7 
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8 


48- 
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10 


668 
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11 
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72- 


12 
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12 


81- 


12 
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13 
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13 
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13 


78- 


13 


86-8 


13 


87-9 


13 


97-6 


14 


73-6 


14 


74-8 


14 


84- 


14 


93-4 


14 
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14 


105 


15 
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15 


80- 


15 


90- 


15 


100- 


15 
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15 
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16 
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16 
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16 
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90-8 


17 
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17 


113-4 


17 
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17 


127-6 


13 


94-6 
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96- 


18 


108- 


18 


120- 


18 


1216 


18 
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19 
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19 


114- 


19 
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19 
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19 


142-6 
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20 
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20 
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22 
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132- 
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22 
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22 


165 
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23 


122-8 


23 


138 


23 


153-4 


23 


155-3 


23 


172-6 


24 


126- 


24 


128- 


124 


144- 


24 


160- 


24 


162- 


24 


180- 
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TO FIND THE CHORDIAL PITCH OF ANY GIVEN 

WHEEL. 

We take the number of degrees m a circle, 360, and divide 
that number by the Dmnbcr of teeth iu the wheel, which gives 
U8 the number of degrees and minutes to the arc pitch ; of this 
amount, whatever it may be, we tal{:e one half and look in a 
table of natural sines for the sine of the half arc pitch. Then 
multiply the sine so found by 2 and by the radius in inches, 
and the product is the chordiai pitcli. 

Example :— What will be the chordiiil pitch of a pinion 8 
inches in diameter and to contain 12 teeth f 

360o-T-12 (No. of teeth) =30**; take half = 15; now the 
sine of 15 in the table is •25«8x2 = .517Cx6 (radiusof pm- 
ion) = 2.0706 : which is the true chordiai pitch. 



Deg 


Slue. , 

1 


iX'g. 


Sine. 


Dcg. 


Siua , 


!-«• 


Siua 





•00 


12 


•20791 


24 


•40673 


35 


•57357 


1 


•01745 


13 


•22495 


25 


•4J261 


36 


•58778 


2 


•034i^ 


14 


•24192 


25 


•438:17 


37 


•60181 


3 


•0)233 


15 


•25881 


27 


•45399 


38 


•61566 


4 


•0o975 


lb 


•27563 


28 


•46947 


39 


•6-2932 


5 


•08715 


17 


•29<>:?7 


29 


48480 


40 


•64278 


6 


•10452 


18 


•39901 


' 30 


•50000 


41 


•65605 


7 


12186 


19 


•32556 


31 


•51503 


42 


•66913 


8 


•13917 


20 


•34202 


, 32 


•52991 


43 


•68199 


9 


ir.643 


21 


•3;836 


33 


•54463 


44 


•694(r> 


10 


•173o4 


22 


374(>0 


34 


•55919 


45 


•70710 


11 


.19080 


23 


•39073 


"' 




- 
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TABLE 

OF THE PROPORTIONAL RADII OP WHEBIA 

From J4 to A Inch. 



No. of 
teeth. 


K 


H 


K 


H 


H 


% 


1 


10 


0-405 


0-607 


0-8'J9 


1011 


1-214 


1-416 


1-618 


11 


0-444 


0-666 


0-887 


1-109 


1-331 


1.553 


1-775 


12 


0-463 


0-724 


0-966. 


1-207 


1-449 


1-690 


1-932 


13 


0-522 


0-783 


1-045 


1-306 


1-567 


1-828 


2-089 


14 


0-562 


0-843 


1-123 


1-404 


1-685 


1-966 


2-247 


15 


0-601 


0-902 


1-202 


1-503 


1-804 


2-104 


2-405 


16 


0-641 


0-961 


1-281 


1-G02 


1-922 


2-243 


2-563 


17 


0-680 


1-020 


1-361 


1-701 


2-041 


2-381 


2-721 


18 


0-720 


1-080 


1-440 


1-800 


2'IGO 


2-519 


2-879 


19 


0-759 


1139 


1-519 


1-899 


2-278 


2-658 


3038 


20 


0-799 


1-199 


1-598 


1-998 


2-397 


2-797 


3-196 


21 


0-839 


1-258 


.1-677 


2-097 


2-516 


2-935 


3-355 


22 


0-878 


1-318 


1-757 


2-196 


2-635 


3-074 


3-513 


23 


0-918 


1-377 


1-836 


2-295 


2-754 


3-213 


3-672 


24 


0-958 


1-437 


1-915 


2-394 


2-873 


3-352 


3-831 


25 


0-997 


1-496 


1-995 


2-493 


2-9J2 


3-491 


3-989 


2C 


1-037 


1-556 


2-074 


2-593 


3-111 


3-630 


4-148 


27 


1-077 


1-615 


2-154 


2-692 


3-230 


3-769 


4-307 


28 


1116 


1-675 


2-233 


2-791 


3-349 


3-908 


4-4G6 


29 


1-156 


1-7:54 


2-312 


2-890 


3-468 


4-047 


4-G25 


30 


1-196 


1-794 


2-392 


2-990 


3-588 


4-186 


4-783 


31 


1-236 


1-853 


2-471 


3-089 


3-707 


4-325 


4-942 


32 


1-275 


1-913 


2-551 


3-1H8 


3-8-26 


4-464 


5101 


33 


1-315 


1-973 


2-630 


3-288 


3-945 


4-603 


5-260 


34 


1-355 


2-032 


2-710 


3-387 


4-064 


4-742 


5-419 


35 


1-394 


2-092 


2-789 


3-486 


4-183 


4-881 


5-578 


36 


1-434 


2-151 


2-868 


3-586 


4-303 


5-020 


5-737 


37 


1-474 


2-211 


3-948 


3-685 


4-422 


5-159 


5-896 


38 


1-514 


2-271 


3-027 


3-784 


4-541 


5-298 


6-055 


39 


1-553 


2-330 


3-107 


3-884 


4-660 


5-437 


6-i.l4 


40 


1-593 


2-390 


3-186 


3-983 


4-780 


5-576 


6-373 


41 


l-o33 


2-449 


3-266 


4-082 


4-899 


5-715 


6-532 


4-2 


1-673 


2-509 


3-345 


4-182 


5-018 


5-854 


6-691 


43 


1-712 


2-569 


3-425 


4-281 


5-137 


5-994 


6-850 


44 


1-752 


2-628 


3-504 


4-381 


5-257 


6-133 


7-009 


45 


1-792 


2-688 


3-584 


4-480 


5-376 


6-272 


7168 
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No. of 
teetli. 


H 


H 


14 


H 


• H 


H 


1 


46 


1-832 


2-748 


3-663 


4-579 


5-495 


6-411 


7-327 


47 


1-871 


2-807 


3-743 


4-679 


5-614 


6-530 


7-486 


48 


1-911 


2-867 


3-822 


4-778 


5-734 


6-689 


7-645 


49 


1-931 


2-927 


3-902 


4-877 


5-853 


6-828 


7-804 


50 


1-991 


2-986 


3-982 


4-977 


5-972 


6-968 


7 -933 


51 


2031 


3-046 


4-061 


5-076 


6-092 


7-107 


8-122 


52 


2-070 


3105 


4141 


5-176 


6-211 


7-246 


8-281 


53 


2110 


3-165 


4-220 


5-275 


6-3;:o 


7-385 


8-440 


54 


2-150 


3-225 


4-300 


5-375 


6-449 


7-524 


8-599 


55 


2-190 


3-284 


4-379 


5-474 


6-569 


7-663 


8-738 


56 


2-229 


3-344 


4-459 


5-373 


6-G88 


7-803 


8-917 


57 


2-269 


3-404 


4-538 


5073 


6-607 


, 7-942 


9-076 


58 


2-309 


3-463 


4-618 


5-772 


6-927 


8-081 


9-235 


59 


2-349 


3-523 


4-697 


5-872 


7046 


8-2.0 


9-395 


60 


2-388 


3-583 


4-777 


5-971 


7-165 


8-339 


9-554 


61 


2-428 


3-642 


4-856 


6070 


7-285 


8-499 


9-713 


62 


2-468 


3-702 


4-936 


6170 


7-404 


8-G38 


9-872 


63 


2-508 


3-762 


5-015 


6-269 


7-323 


8-777 


10-031 


64 


2-548 


3-821 


5-0D5 


6-3G9 


7-G43 


8-916 


10-190 


65 


2-587 


3-861 


5-175 


6-468 


> 7-7G2 


9-035 


10-349 


66 


2-627 


3-941 


5-'^54 


6-568 


7-881 


9-195 


lC-508 


67 


2-667 


4-000 


5-334 


6-667 


8-OCO 


9-334 


10-667 


68 


2-707 


4-000 


5-413 


6-767 


8-1-20 


9-473 


10-826 


69 


2-746 


4120 


5-493 


6-866 


8-239 


9-G12 


10-985 


70 


2-786 


4179 


5-572 


6-965 


8-338 


9-732 


11-145 


71 


2-826 


4-239 


5-632 


7-085 


8-478 


9-891 


11-304 


72 


2-836 


4-299 


5-731 


7-164 


8-597 


10-030 


11-463 


73 


2-905 


4-358 


5-811 


7-264 


8-716 


10-169 


11-622 


74 


2-945 


4-418 


5-8Q0 


7-333 


8-836 


10-308 


11-781 


75 


2-985 


4-478 


5-970 


7-4a3 


8-955 


10-448 


11-940 


76 


3025 


4-537 


6-030 


7-562 


9-074 


10-587 


12-099 


77 


3-065 


4-597 


6-129 


7-631 


9-194 


10-726 


12-258 


78 


3-104 


4-657 


6-209 


7-7G1 


9-313 


10-865 


12-417 


79 


3144 


4-716 


6-288 


7-830 


9-432 


11-004 


12-577 


80 


3-184 


4-776 


6-3G8 


7-930 


9-552 


11-144 


12-736 


81 


3-224 


4-836 


6-447 


8-039 


9-671 


11-283 


12-895 


82 


3-263 


4-895 


6-327 


8-139 


9-790 


11-422 


13-054 


83 


3-303 


4-9:>5 


6-607 


8-258 


9-910 


11-3G1 


13-213 


84 


3-343 


5-015 


6-686 


8-338 


10-029 


11-701 


13-372 


85 


3-383 


5-074 


6-766 


8-457 


10-148 


11-840 


13-531 


m 


3-423 


6-134 


6-845 


8-556 


10-268 


11-979 


13-690 


87 


3-462 


5-194 


6-9.5 


8-636 


10-387 


12-118 


13-849 


^38 


3-502 


5-233 


7-004 


8-755 


10-506 


12-238 


14-009 


89 


3-542 


5-313 


7-084 


8-835 


10-6-26 


12-397 


14-168 


90 


3-582 


5-373 


7-163 


8-954 


10-745 


12-536 


14-327 


1)1 


3-622 


5-432 


7-243 


9-034 


10-864 


12-G75 


14-486 


92 


3-631 


5-492 


7-323 


9-153 


10-984 


12-015 


14-645 


03 


3-701 


5-552 


7-402 


9-253 


11-103 


12-954 


14-804 
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Kaof 
teeth. 


^ 


H 


54 


H 


H 


H 


1 


94 


3-741 


5-611 


7-482 


9352 


11-223 


13.093 


14-963 


95 


3-781 


5-671 


7-561 


9-452 


11-342 


13-232 


15-122 


96 


3-820 


5-731 


7-641 


9-551 


11-461 


13-371 


15-282 


97 


3-860 


5-790 


7*720 


9-650 


11-581 


13-511 


15-441 


98 


3-900 


5-850 


7-800 


9-750 


11-700 


13-650 


15-600 


99 


3-940 


5-910 


7-880 


9-849 


11-819 


13-789 


15-759 


100 


3-980 


5-969 


7-959 


9-949 


11-938 


13-9-28 


15-918 


101 


4-019 


60-i9 


8-039 


10-048 


12-058 


14-068 


16-077 


102 


4059 


6-089 


8-118 


10-148 


12177 


14-207 


16236 


103 


4-099 


6-148 


8-198 


10-247 


12-297 


14-346 


16-396 


104 


4-139 


6-208 


8-277 


10-347 


12-416 


14-485 


16-555 


105 


4-178 


6-268 


8-357 


10-446 


12-535 


14-625 


16-714 


106 


4-218 


6-327 


8-436 


10-546 


1-2-655 


14-764 


16-873 


107 


4-258 


6-:J«7 


8-516 


10-645 


12-774 


14-903 


17-032 


108 


4-298 


6-447 


8-596 


10-744 


12-893 


15042 


1/-191 


109 


4-338 


6-506 


8-675 


10-844 


13-013 


15-182 


l/-3^0 


110 


4-377 


6-566 


8-755 


10-943 


13-132 


15-321 


17-L09 


111 


4.417 


6-626 


8-H34 


11.043 


13-^1 


15 460 


17-669 


112 


4-457 


6-685 


8-914 


11-142 


13-;i71 


15-599 


17-828 


113 


4-497 


6-745 


8-993 


11-242 


13-490 


15-738 


17-987 


114 


4-536 


6-805 


9073 


11341 


13-609 


15-878 


18146 


115 


4-576 


6-864 


9-153 


M-441 


13-729 


16-017 


18-305 


116 


4-616 


6-924 


9-232 


11-540 


13-848 


16156 


18-464 


117 


4-656 


6-984 


9-312 


11-640 


13-968 


16-:t95 


18-6:^3 


118 


4-096 


7-043 


93^1 


11-739 


14-087 


16.435 


18-782 


119 


4-735 


7-103 


9-471 


11-839 


14-^06 


16-574 


18-942 


120 


4-775 


7-163 


9-5L0 


11-938 


14-326 


16-713 


19101 


121 


4-815 


7-222 


9-030 


12-037 


14-445 


16-8o2 


19-260 


122 


4-855 


7-282 


9-710 


12-137 


14-5(>4 


16-992 


19-419 


123 


4-895 


7-342 


9-789 


12-2:^6 


14-684 


17-131 


19-578 


124 


4-934 


7-402 


9-H09 


12336 


14-803 


17-270 


19-737 


125 


4-974 


7-461 


9-948 


12-435 


14-9<J2 


17-410 


19-896 


126 


5-014 


7-521 


10-028 


12-535 


15-042 


17-549 


20-056 


127 


5-054 


7-581 


10-107 


12-634 


15-161 


17-688 


20-215 


128 


5-093 


7-640 


10187 


12-734 


15-280 


17-8-27 


20-374 


129 


5133 


7-700 


10-267 


12-833 


15-400 


17-966 


20-533 


130 


5-173 


7-760 


10-346 


12-933 


15-519 


18-106 


20-692 


131 


5-213 


7-819 


10-426 


13-032 


15-638 


18-245 


20-851 


132 


5-253 


7.879 


10 505 


13-132 


15-758 


18-384 


21-OlQ 


133 


5-292 


7-939 


10-585 


13-231 


15-877 


18-523 


21-170 


134 


5-332 


7-998 


10-664 


13-331 


15-997 


18-663 


21-329 


135 


5-372 


8-058 


10-744 


13-430 


16-116 


18-802 


21-488 


136 


5-412 


8-118 


10-824 


13-529 


16-235 


18-941 


21-647 


137 


5-452 


8-177 


10-903 


13-629 


16-355 


19080 


21-806 


138 


5-491 


8-237 


10-983 


13-728 


16-474 


19-220 


21-965 


139 


6-531 


8-297 


11-062 


13-828 


16-593 


19-359 


22-124 


140 


5-571 


8-356 


11-142 


13-927 


16-713 


19-498 


22-284 


141 


5-611 


8-416 


11-221 


14-027 


16-8;i2 


19-637 


22-443 
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teeth. 


H 


H 


M 


H 


H 


H 


1 


142 


5-650 


8-476 


11-301 


14-126 


16-951 


19-777 


22-602 


143 


5-690 


8-535 


11-381 


14-226 


17-071 


19-916 


22-761 


144 


5-730 


8-595 


11-460 


14-325 


17-190 


20K)55 


22-920 


145 


5-770 


8-655 


11-540 


14-425 


17-309 


20-194 


23-079 


146 


5-810 


8-714 


11-619 


14-524 


17-429 


20-334 


23-238 


147 


5-849 


8-774 


11-699 


14-6-23 


17-548 


20-473 


23-398 


148 


6-889 


8-834 


11-778 


14-723 


17-668 


20-612 


23-557 


149 


5-929 


8-893 


11-858 


14-822 


17-787 


20-751 


23-716 


100 


5-969 


8-953 


11-938 


14-922 * 


17-906 


20-891 


23-875 


151 


6-009 


9-013 


12-017 


15-021 


18-026 


21-030 


24-034 


152 


6-048 


9072 


12-097 


15-121 


18-145 


21-169 


24-193 


153 


6-088 


9132 


12176 


15-220 


18-264 


21-308 


24-352 


154 


6-128 


9192 


12-256 


15-320 


13-384 


21-448 


24-512 


155 


6-168 


9-252 


12-335 


15-419 


18-503 


21-587 


24-671 


156 


6-;;i07 


9-311 


12-415 


15-519 


18-022 


21-726 


24-830 


157 


6-247 


9-371 


12-494 


15-618 


18-742 


21-865 


24-989 


158 


6-287 


9-431 


12-574 


15-718 


18-861 


aj-005 


25-148 


159 


6-327 


9-490 


12-654 


15-817 


18-980 


2-2-144 


25-307 


160 


6-367 


9-550 


12-733 


15-917 


19-100 


22-283 


25-466 


161 


6-406 


9-610 


12-813 


16-016 


19-219 


22-422 


25-626 


162 


6-446 


9-669 


12-892 


16-115 


19-339 


22-562 


25-785 


163 


6-486 


9-729 


12-972 


16-215 


19-458 


22-701 


25-944 


164 


6-526 


9-789 


13-052 


16-314 


19-577 


22-840 


26-103 


165 


6-566 


9-848 


13-131 


16-414 


19-697 


22-979 


26-262 


168 


6-605 


9-908 


13-211 


16-513 


19-816 


23-119 


26-421 


167 


6-645 


9-968 


13-290 


16-613 


19-935 


23-258 


26-580 


168 


6-685 


10.027 


13-370 


16-712 


20-055 


23-397 


26-740 


169 


6-725 


10-087 


13-449 


16-812 


20-174 


23-536 


26-899 


170 


6-764 


10-147 


13-529 


16-911 


20-293 


23-676 


27-058 


171 


6-804 


10-206 


13-609 


17-011 


20-413 


23-815 


27-217 


172 


6-844 


10-266 


13-688 


17-110 


20-532 


23-954 


27-376 


173 


6-884 


10-326 


13-768 


17-210 


20-651 


24-093 


27-535 


174 


6-924 


10-3a5 


13-847 


17-309 


20-771 


24-233 


27-694 


175 


6-963 


10-445 


13-927 


17-409 


20-890 


24-372 


27-864 


176 


7-003 


10-505 


14-006 


17-508 


21-010 


24-511 


28-017 


177 


7043 


10-564 


14-086 


17-607 


^1-129 


24-650 


28-172 


178 


7-083 


10-6-24 


14-166 


17-707 


21-248 


24-790 


28-331 


179 


7123 


10-C84 


14-245 


17-806 


21-368 


24-929 


28-490 


180 


7-162 


10-744 


14-325 


17-906 


21-487 


25-068 


28-649 


181 


7-202 


10-803 


14-404 


18-005 


21-6C6 


25-207 


28-808 


182 


7-242 


10-863 


14-484 


18-105 


21-726 


25-347 


28-968 


183 


7-282 


10-9-23 


14-563 


18-204 


21-845 


25-486 


29-127 


184 


7-321 


10-982 


14-643 


18-304 


21-964 


25-625 


29-286 


1=15 


7-361 


11-042 


14-723 


18-403 


22-084 


25-764 


29*445 


183 


7-401 


11-102 


14-802 


18-503 


22-203 


25-904 


29-607 


187 


7-441 


11-161 


14-882 


18-602 


22-3-23 


26-043 


29-763 


188 


7-481 


11-221 


14-961 


18-702 


22-442 


26-182 


29-923 


189 


7-520 


11-281 


15-041 


18-801 


22-561 


26-321 


30-082 



Digitized by LjOOQIC 
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• 1- 


KOPOK'J 

H 


lONAT. 


KADII 


OF WHEELS. 


1 


Nu.uf 

teetu. 


M 


H 


H 


H 


190 


7-560 


11-340 


15120 


18-901 


22-681 


26-461 


30-241 


11)1 


7-GOO 


11-400 


15-200 


19-000 


22-800 


26-600 


80-400 


192 


7-640 


11-460 


15-280 


19-099 


22-919 


26-739 


30-5r>9 


193 


7-6-0 


11-519 


15-:i59 


19199 


23.039 


26-878 


30-718 


194 


7-719 


11-579 


15-439 


19-298 


23-158 


27-018 


30-877 


195 


7-7:.9 


11-639 


15-518 


19-398 


23-277 


27-157 


31-037 


196 


7-799 


11-698 


15-598 


19-497 


23-397 


27-296 


31-196 


197 


7-839 


11-758 


15-677 


19-597 


23-516 


27-436 


31-355 


198 


7-879 


11H18 


15-757 


19-(i96 


23-636 


27-575 


31-514 


199 


7-918 


11-877 


15-837 


19-796 


23-755 


27-714 


31-673 


200 


7-9r>8 


11-937 


15-916 


19-895 


23-874 


27-853 


31-832 


201 


7-998 


11-997 


15-996 


19-995 


23-994 


27-993 


31-991 


202 


8-038 


12-056 


16-075 


20-094 


24-113 


28-132 


32-151 


203 


8-077 


12-116 


16-155 


20-194 


24-232 


88-271 


32-310 


204 


8-117 


12-176 


10-234 


20-293 


24-352 


28-410 


32-469 


205 


8157 


12-236 


1()-314 


20-393 


24-471 


28-550 


32-628 


206 


8-197 


12-295 


l()-394 


20-492 


24-590 


28-689 


32-787 


207 


8-237 


12-355 


16-473 


20-591 


24-710 


28-828 


32-946 


208 


8-276 


12-415 


16-553 


20-691 


24-829 


28-967 


33106 


209 


8-316 


12-474 


1():632 


20-790 


24-948 


29-107 


33-265 


210 


8-356 


12-534 


16-712 


20-890 


25-0()8 


29-246 


33-424 


211 


8-396 


12-594 


16-791 


20-989 


25-187 


29-385 


33-583 


212 


8-436 


12-653 


16-871 


21089 


25-307 


29-524 


33-742 


213 


8-475 


12-713 


16-951 


21-188 


25-4-26 


29-664 


33-901 


214 


8-515 


12-773 


17030 


21-288 


25-545 


29-803 


34-060 


215 


8-555 


12-832 


17-110 


21-:^87 


25-665 


29-942 


34-220 


216 


8-595 


1-2-H92 


17189 


21-487 


25-784 


30-081 


34-379 


217 


8-634 


l->-9r)2 


17-269 


21-586 


25-903 


30-221 


34-538 


218 


8-()74 


13-011 


17-349 


21-686 


26023 


30-360 


34-697 


219 


8-714 


13-071 


17-420 


21-786 


26-142 


30-499 


34-856 


220 


8-754 


13131 


17-508 


21-8^5 


26-261 


30-6l« 


35-015 


221 


8-794 


13-190 


17-587 


21-984 


26-381 


30-773 


35-174 


222 


8-833 


13-250 


17-667 


22-084 


26-500 


30-917 


35-334 


223 


8-873 


13-310 


17-746 


22-183 


26-620 


31-056 


35-493 


224 


8-913 


13-369 


17-8-26 


22-282 


26-739 


31-195 


35-652 


225 


8-953 


13-429 


17-906 


22-382 


26-858 


31-335 


35-811 


226 


8-993 


13-489 


lf-985 


22-481 


26-978 


31-474 


85-970 


227 


9-032 


13-548 


18-065 


22-581 


27-097 


31-613 


36129 . 


228 


9-072 


13-608 


18144 


22-680 


27-216 


31-752 


36-289 


2;i9 


9-112 


13-668 


18-224 


22-780 


27-3:56 


31-892 


36-448 


230 


9-152 


13-728 


1^-303 


22-879 


27-455 


32031 


36-607 


231 


9-191 


13-787 


18-383 


22-979 


27-574 


32-170 


36.766 


232 


9-231 


13-847 


18-463 


23 078 


27-694 


32-309 


36-925 


233 


9-271 


13-907 


18-542 


23178 


27-813 


32-449 


37-084 


234 


9-311 


13.966 


18-622 


23 277 


27-933 


32-588 


37-243 


235 


9-351 


14-026 


18-701 


23-377 


28-052 


32-727 


37-403 


236 


9-390 


14-086 


18-781 


23-476 


28171 


32-867 


37-562 


237 


9-430 


14145 


18-860 


23-576 


28-291 


33006 


37-721 
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Ho. of 
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H 



H 



% 



H 



H 



H 



238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 



263 

264 
265 
266 
267 
268 
269 
2T0 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
2fc5 



9-470 

9-510 
9-550 
9-589 
9-629 
9-669 
9-709 
9-749 
9-788 
9-828 
9.868 
9-908 
9-947 
9-987 
10-^27 
10067 
lOlOT' 
10-146 
10-186 
10-226 
10-266 
10-306 
10-345 
10-385 
10-425 
10-465 
10-504 
10-544 
10-584 
10-624 
10-664 
10-703 
10-743 
10-783 
10-823 
10-863 
10-902 
10-942 
10-982 
11022 
11-062 
11-101 
11-141 
11-181 
11-221 
11-260 
11-300 
11-340 

14 



14-205 
14-265 
14-324 
14-384 
14-444 
14-503 
14-563 
14-623 
14-682 
14-742 
14-803 
14-861 
14-921 
14-981 
15-041 
15-100 
15-160 
15-220 
15-279 
15-339 
15-399 
15-458 
15-518 
15-578 
15-637 
15-697 
15-757 
15-816 
15-876 
15-936 
15-995 
16-055 
16-115 
16-175 
16-234 
16-294 
16-354 
16-413 
16-473 
16-533 
16-592 
16-652 
16-712 
16-771 
16-831 
16-891 
16-950 
17-010 



18-940 
19020 
19-099 
19-179 
19-258 
19338 
19417 
19-497 
19-577 
19-656 
19-736 
19-815 
19-895 
19974 
20-054 
20-134 
20-213 
20-293 
20 372 
20-452 
20-532 
20-611 
20-691 
20-770 
20-850 
20-929 
21-009 
21-089 
21-168 
21-248 
21-327 
21-407 
21-486 
21-566 
21-646 
21-725 
21-805 
21-884 
21-964 
22-043 
22-123 
22-203 
22-282 
22-362 
22-441 
22-521 
22-600 
22-680 



23-675 
23-774 
23-874 
23-973 
24073 
24-172 
24-272 
24-371 
24-471 
24-570 
24 670 
V4-769 
24-869 
24-968 
25-068 
25-167 
25-267 
25-366 
25-465 
25-565 
25-664 
25-764 
25-863 
25-963 
26062 
26-162 
26-261 
26.361 
26-460 
26-560 
26-659 
26-759 
26-858 
26-958 
27-057 
27-156 
27-256 
27-.^ 
27-455 
27-554 
27-654 
27-753 
27-853 
27-952 
28052 
28-151 
28-251 
28-350 



28-410 
28-r29 
28-649 
28-768 
28-887 
29-007 
29126 
29-246 
29-365 
29-484 
29-604 
29-723 
29-842 
29-962 
30-081 
30-200 
30-320 
30-439 
30-559 
30-678 
30-797 
30-917 
31-036 
31-155 
31-275 
31-394 
31-513 
31-633 
31-752 
31-872 
31-991 
32110 
32-;^ 
32 349 
32-468 
32-588 
34-707 
3;C-826 
32-946 
33-065 
33-185 
33-304 
33-423 
33-543 
33-662 
33-781 
33-901 
34-020 



33-145 

33-284 

33-424 

33-563 

33-702 

33-841 

33-981 

34-120 

34-259 

34-398 

34-538 

34-677 

34-816 

34-955 

35-095 

35-234 

35-373 

35-512 

35-652 

35-791 

35-9:30 

36009 

36-209 

36-348 

36-487 

36-626 

3<)-766 

36-905 • 

37-044 

37-183 

37-323 

37-462 

37-601 

37-741 

37-880 

38-019 

38-158 

38-298 

38-437 

38-576 

38-715 

38-855 

38*994 

39133 

39-272 

39-412 

39-551 

39-690 



37-880 
38-039 
38-198 
38-357 
38-517 
38-676 
38-8:^ 
38-994 
39-153 
39-312 
39-472 
39-631 
39-790 
39-949 
40-108 
40-267 
40-426 
40-586 
40-745 
40-904 
41-063 
41-222 
41-381 
41-540 
41-700 
41-859 
42018 
42-177 
42-336 
42-495 
42-655 
42814 
42-973 
43-132 
43-291 
4:{-450 
43-609 
43-769 
43-928 
44-087 
44-246 
44-405 
44-564 
44-724 
44-883 
45-042 
45-201 
45-360 
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No. of 

teeth. 


H 


H 


H 


H 


H 


% 


1 


286 


11.380 


17-070 


22-760 


28-450 


34139 


39-8i9 


45-519 


2ri/ 


lL-420 


17129 


22-839 


28-549 


34-259 


39-969 


4,.-678 


•48^ 


11-459 


17189 


22-919 


28-648 


34-378 


40108 


45-838 


289 


11-499 


17-249 


22-998 


28-748 


34-498 


40-247 


45-997 


290 


11-539 


17-308 


23-078 


28-847 


34-617 


40-386 


46156 


291 


11-579 


17-368 


23-158 


28-947 


34-7;J6 


40-5:;i6 


46-315 


292 


11-619 


17-428 


23-237 


29046 


34-856 


40-665 


46-474 


293 


11-6 8 


17-488 


23-317 


29-146 


34-975 


40-804 


46-633 


294 


lt-C98 


17-547 


23-396 


29 245 


35094 


40-943 


46-792 


295 


11-738 


17-607 


23-476 


29-345 


35-214 


41083 


46-952 


296 


11-778 


17-667 


23-555 


29-444 


35-333 


41-i-22 


47-111 


297 


ii-8ir 


17-726 


23-635 


29-544 


35-452 


41-361 


47-27J 


298 


11-857 


17-786 


23-715 


29-643 


35-572 


41-500 


47-4-29 


299 


11-897 


17-846 


23-794 


29743 


3.--691 


41-640 


47-588 


bOO 


ll-iJ37 


17-905 


23-874 


29.842 


35-811 


41-779 


47-747 



TABLE 

OF THE PROPORTIONAL RADII OF WHEELS. 

From \}itod Inches Pitch, 



No. of 
tcctli. 


IK 


1% 


IK 


2 


2J^ 


2M 


3 


15 


3-006 


3-607 


4-209 


4-810 


5-411 


6-012 


7-215 


16 


3-204 


3-044 


4-485 


51:^6 


5-767 


6-407 


7-6o9 


17 


3-401 


4 082 


4-762 


5-442 


6122 


6-803 


8-163 


13 


3-599 


4-319 


5039 


5-759 


6-479 


7-198 


8-638 


19 


3-797 


4-557 


5-316 


6-076 


6-835 


7-594 


9113 


itO 


3-995 


4-794 


5-593 


6-392 


7-192 


7-991 


9-589 


21 


4-193 


5-032 


5-871 


6-710 


7-548 


8-387 


10.064 


22 


4-392 


5-270 


6-148 


7-0-27 


7-905 


8-783 


10-540 


23 


4-590 


5-508 


6-426 


7-344 


8-262 


9180 


11-016 


24 


4-788 


5-746 


6-704 


7-661 


8-619 


9-577 


11-492 


25 


4-987 


5-984 


6-981 


7-979 


8-976 


9-973 


11-968 


26 


5-185 


6-222 


7-259 


8-296 


9-333 


10-370 


12-444 


27 


5-384 


6-460 


7-537 


8-614 


9-691 


10-767 


129-21 


28 


5-582 


6-699 


7-815 


8-931 


10-048 


11-164 


13-397 


29 


5-781 


6-937 


8-093 


9-249 


10-405 


11-561 


lr3-874 


30 


5-979 


7-175 


8-371 


9-567 


10-763 


11-958 


14-350 


31 


6-178 


7-413 


8-649 


9-885 


11120 


12-356 


14-827 


32 


6-376 


7-652 


8-9-27 


10-202 


11-478 


12-753 


15-303 


33 


6-575 


7-890 


9-205 


10-520 


11-835 


13-150 


15-780 


34 


6-774 


8-128 


9-483 


10-838 


12-193 


13-547 


16-257 
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Xo.of 
teeth. 


^^ 


1% 


1% 


2 


2K 


2% 


3 


35 


6-972 


8-367 


9-761 


11-156 


12-550 


13-945 


16-734 


33 


7171 


8-605 


10-040 


11-474 


12-908 


14-342 


17-211 


37 


7-370 


8-844 


10-318 


11-972 


13-266 


14-740 


17-68ci 


3J 


7-569 


9-082 


lO-CUS 


1-2-110 


13-623 


15-137 


18-104 


'6J 


7-767 


9-321 


10-874 


12-428 


13-981 


15-534 


18-041 


40 


7-966 


9-559 


11152 


12-746 


14-339 


15-932 


19-118 


4L 


8-165 


9-798 


11-431 


13064 


14-696 


16-3-29 


19-595 


4J 


8-363 


10036 


11-709 


13-382 


15-054 


16-727 


20-072 


4.J 


8-562 


10-275 


11-987 


13-700 


16-412 


17-124 


20-549 


44 


8-761 


10-513 


12-265 


14-018 


15-770 


17-522 


21-026 


45 


8-960 


10-752 


12 544 


14-336 


16128 


17-920 


21-503 


46 


9159 


10-990 


12-822 


14054 


16-485 


18-317 


21-981 


47 


9-357 


11-229 


13100 


14972 


16-843 


18-715 


22-458 


48 


9-556 


11-467 


13-379 


15-2D0 


17-201 


19-112 


22-935 


49 


9-755 


11-706 


13-657 


15-608 


17-5C9 


19-510 


23-412 


50 


9-954 


11-945 


13935 


15-926 


17-917 


19-908 


23-889 


51 


10153 


12183 


14-214 


16-244 


18275 


20-305 


24-366 


"52 


10-351 


12-422 


14492 


16-5C2 


18-633 


20-703 


24-843 


53 


10 550 


12-660 


14-770 


16-880 


i8-ai)o 


21100 


23-320 


54 


10-749 


12-899 


15049 


17198 


19348 


21-498 


25-798 


55 


10-948 


13-137 


15-327 


17-517 


19-706 


21-896 


26-275 


56 


11147 


13-376 


15-605 


17-835 


20064 


22-293 


26-752 


57 


11-346 


13-615 


15-884 


18-ir.3 


20-422 


22-691 


27-229 


58 


11-544 


13-853 


16-162 


18-471 


20-780 


23-089 


27-706 


59 


11-743 


14-092 


16-441 


18-789 


21-138 


23-486 


28-184 


60 


11-942 


14-330 


16-719 


19-107 


21-496 


23-884 


28-661 


61 


12-141 


14-569 


16-997 


19425 


21-854 


24-282 


29-138 


62 


12-340 


14-808 


17-276 


19-744 


22-212 


24-680 


29-615 


63 


12-539 


15-046 


17-554 


20 0()2 


22-570 


25-077 


30-093 


64 


12-738 


15-285 


17-833 


20-380 


22-9-28 


25-475 


30-570 


65 


12-936 


15-524 


18111 


20-698 


23-285 


25-873 


31-047 


66 


13-135 


15-762 


18-389 


21016 


23-643 


26-270 


31-525 


67 


13-334 


16-001 


18-668 


21-335 


24-001 


26-668 


32-002 


68 


13-533 


16-240 


18-946 


21-653 


24-359 


27-066 


32-479 


69 


13-732 


16-478 


19-225 


21-971 


24-717 


27-464 


32-956 


70 


13-931 


16-717 


19-503 


22-289 


25-075 


27-861 


33-434 


71 


14-130 


16-956 


19-781 


22-607 


25-433 


28 259 


3:3-911 


72 


14-328 


17-194 


20-060 


22-926 


25-791 


28-657 


34-388 


73 


14-527 


17-433 


20-338 


23-244 


26-149 


29-055 


34-866 


74 


14-726 


17-671 


20-617 


23-562 


26-507 


29-452 


35-343 


75 


14-925 


17-910 


20-895 


23-880 


26-865 


29-850 


35-820 


76 


15124 


18149 


21-174 


24-198 


27-223 


30-248 


36-298 


77 


15-323 


18-387 


21-452 


24-517 


27-581 


30-646 


36-775 


78 


15-522 


18-626 


21-731 


24-835 


27-939 


31044 


37-252 


79 


15-721 


18-835 


22-009 


25-153 


28-297 


31-441 


37-730 


80 


15-920 


19-103 


22-287 


25-471 


28-655 


31-839 


38-207 


n 


16118 


19-342 


22-566 


25-790 


29013 


32-237 


38-684 


82 


16-317 


19-581 


22-844 


26-108 


29-371 


32.635 


39-162 



Digitized by LjOOQIC 
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ITcof 
t«etU. 


IK 


1% 


iH 


2 


2K 


2% 


3 


83 


16-516 


19-820 


23-123 


26-4-26 


29-729 


33033 


39-639 


84 


16-715 


20-058 


23-401 


26-744 


30-087 


33-430 


40116 


85 


16-914 


20-297 


23-680 


27-063 


30-445 


33-828 


40-r94 


83 


17-113 


20-536 


23-958 


27-381 


30-803 


34-226 


41-071 


87 


17-312 


20-774 


24-237 


27-699 


31-161 


34-624 


41-548 


83 


17-511 


21-013 


24-515 


28-017 


31-519 


35-022 


42-026 


81) 


17-710 


21-252 


24-794 


28-335 


31-877 


35-419 


42-503 


90 


17-909 


21-490 


25-072 


28-654 


32-235 


35-817 


42-981 


91 


18-107 


21-729 


25-350 


as -972 


32-593 


36-215 


43-458 


9J 


18-306 


21-968 


25-629 


29-290 


32-952 


36-613 


43-935 


y.{ 


18-505 


22-206 


25-907 


29-608 


33-309 


37-011 


44-413 


94 


18-704 


22-445 


26-186 


29-927 


33-608 


37-408 


44-890 


95 


18-903 


22-684 


26-404 


30-245 


34-026 


37-806 


45-367 


93 


19102 


22-922 


26743 


30-563 


34-384 


33-204 


45-845 


97 


19-301 


23-161 


27-021 


30-881 


34-742 


38-602 


46-322 


9J 


19-500 


2:3-400 


27-300 


31-200 


35-100 


39-000 


46-800 


99 


19-699 


23-038 


27-578 


31-518 


35-458 


39-397 


47-277 


100 


19-898 


23-877 


27-857 


31-836 


35-816 


39-795 


47-754 


101 


20097 


24-116 


28-135 


32155 


36-174 


40-193 


48-232 


102 


20-295 


24-355 


28-414 


32-473 


33-532 


40-591* 


48-709 


103 


20-494 


24-593 


28-692 


32-791 


36-890 


40-989 


49187 


104 


20-693 


24-832 


28-971 


33-109 


37-248 


41-387 


49-664 


105 


20-892 


25-071 


29-249 


33-428 


37-606 


41-784 


50141 


106 


21-091 


25-309 


29-5-28 


33-746 


37-934 


42-182 


50-619 


107 


21-290 


25-548 


29-806 


34-084 


33-322 


42-580 


51-096 


108 


21-489 


25-787 


30084 


34-3^2 


33-680 


42-978 


51-573 


109 


21-688 


26-025 


30-31)3 


34-701 


3J-038 


43-376 


52051 


no 


21-887 


2u-264 


30-641 


35-C19 


39-396 


43-774 


52-528 


111 


22-086 


26-503 


30-920 


35-337 


39-754 


44-171 


53-006 


112 


22-285 


26-742 


31-198 


35-655 


40-112 


44-569 


53-483 


113 


22-484 


26-980 


31-477 


35-974 


40-470 


44-967 


53-960 


114 


22-682 


27-219 


31-755 


33 292 


40-828 


45-365 


54-438 


115 


22-881 


27-458 


32-034 


36-610 


41-186 


45-763 


54-915 


116 


23-080 


27-696 


32-312 


33-928 


41-544 


46.161 


55-393 


117 


28-279 


27-935 


32-591 


37-247 


41-903 


46-558 


55-870 


118 


23-478 


28-174 


32-839 


37-565 


42-261 


46-956 


56-347 


119 


23-677 


28-412 


33-148 


37-883 


42-619 


47-354 


56-8-25 


120 


23-876 


28-651 


33-426 


33-202 


42-977 


47-752 


57-302 


121 


24-075 


28-890 


33-705 


38-520 


43-335 


48150 


57-780 


122 


24-274 


29129 


33-983 


33-838 


43-693 


48-548 


58-257 


123 


24-473 


29-367 


34-262 


3J156 


44-051 


48-945 


58-735 


124 


24.672 


29-606 


34-540 


3J-475 


44-409 


49-343 


59-212 


125 


24.871 


29-845 


34-819 


33-793 


44-767 


49-741 


59-690 


126 


25-070 


30083 


35-097 


40-111 


45-125 


50-139 


60-167 


127 


25-268 


30-322 


35-376 


40-4-29 


45-483 


50-537 


60-644 


128 


25-467 


30-561 


35-6.'>4 


40-748 


45-841 


50-935 


61-122 


129 


25-666 


30-800 


35-9,33 


41-036 


46-199 


51-333 


61-599 


130 


25-865 


31-038 


36-211 


41-384 


46-557 


51-730 


62-077 
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teetli. 


I'A 


VA 


IK 


2 


2K 


2M 


3 


131 


26-064 


31-277 


36-490 


41-703 


46-915 


52128 


62-554 


132 


26-263 


31-516 


36-708 


420^1 


47-:>74 


52-r;J6 


63031 


133 


2c)-462 


31-754 


37-047 


42-339 


47-632 


52-924 


63-.:09 


134 


26-661 


31-993 


37-325 


42-657 


47-990 


53-3-22 


63-986 


135 


26-860 


3.-2:32 


37-604 


42-976 


48-348 


53-720 


64-404 


136 


27-059 


32-471 


37-882 


43-294 


48-706 


54-118 


64-941 


137 


27-258 


32-709 


.38161 


43-612 


49-064 


54-515 


65-418 


138 


27-457 


32-948 


38-439 


43-931 


49-422 


64-913 


65-8L'6 


139 


27-656 


33187 


38-718 


44-249 


49-783 


55-311 


q6-373 


140 


27-H55 


33-426 


38-996 


44-567 


50-138 


65-709 


66-851 


141 


28-053 


33-664 


39-275 


44-885 


50-496 


56107 


67-328 


142 


28-252 


33-903 


39 553 


45-204 


50-854 


66-505 


67-808 


143 


28-451 


34141 


39-832 


45-522 


51-212 


66-902 


68-283 


144 


28-650 


34-380 


40-110 


45-840 


51-570 


67-3(0 


68-760 


145 


28-849 


34-619 


40-389 


4(^-159 


51-928 


570)98 


69-238 


146 


29-048 


34-858 


40-667 


43-477 


52-286 


58-096 


69-715 


147 


29-247 


35096 


40-946 


43-795 


52-645 


58-494 


70-193 


148 


29-446 


33-335 


41-224 


47-113 


53-003 


58-892 


70-670 


149 


29-645 


35-574 


41-503 


47-432 


53-3()l 


69-290 


71-148 


150 


29-844 


35-813 


41-781 


47-750 


53-719 


59-687 


71-625 


151 


30-043 


36-051 


42060 


48-068 


54-077 


60-085 


72-102 


152 


30-242 


36-290 


42-338 


48-387 


54-435 


60-483 


72-580 


153 


30-441 


36-529 


42-617 


48-705 


54-793 


60-881 


73057 


154 


30-639 


36-767 


42-895 


49-0-23 


55-151 


61-279 


73-535 


155 


30-838 


37-006 


43-174 


49-341 


55-509 


61-677 


74-012 


156 


31-037 


37-245 


43-452 


49-660 


55-867 


62-075 


74-490 


157 


31236 


37-483 


43-731 


49-978 


66-225 


62-472 


74-967 


158 


31435 


37-722 


44-009 


60-296 


66-583 


62-870 


75-444 


159 


31-634 


37-961 


44-288 


50-615 


56-941 


63-268 


75-9-22 


160 


31-833 


3S-200 


44-566 


50-933 


57-299 


63-666 


76-399 


161 


32032 


38-438 


44-845 


51-251 


57-638 


64-064 


76-877 


1G2 


32-231 


38-677 


45123 


51-569 


58-016 


64-462 


77-354 


163 


32-430 


38-916 


45-402 


51-888 


58-374 


64-8G0 


77-832 


164 


32-6-29 


39155 


45*680 


52-206 


58-732 


65-258 


78-309 


165 


32-828 


39-393 


45-959 


62-524 


59-090 


65-655 


78-786 


166 


33-027 


39-632 


46-237 


62-843 


59-448 


66-053 


79-264 


137 


33 226 


39-871 


46-516 


53-161 


69-ft06 


66-451 


79-741 


1G8 


33-425 


40-109 


46-794 


53-479 


60-164 


66-849 


80-219 


139 


33-623 


40-348 


47-073 


53-797 


60-522 


67-247 


80-696 


170 


33-822 ^ 


40-587 


47-351 


54-116 


60-880 


67-645 


81-174 


171 


34021 


40-826 


47-630 


54-434 


61-238 


68-043 


81-651 


172 


34-220 


41-064 


47-908 


54-752 


61-596 


68-440 


82-1-29 


173 


34-419 


41-303 


48-187 


55-071 


61-954 


68-838 


82-606 


174 


34-618 


41-542 


48-465 


55-389 


62-313 


69-236 


83-083 


175 


34-817 


41-780 


48-744 


55-707 


62-671 


69-634 


83-561 


176 


35-016 


42019 


49-022 


56-026 


63-029 


70-032 


84-038 


177 


35-215 


42-258 


49-301 


56-344 


63 387 


70-430 


84-516 


178 


35-414 


42-497 


49-579 


56-662 


63-745 


70-828 


84-993 
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teeth. 


IK 


1% 


IH 


2 


25< 


25i 


3 


179 


35-613 


42-735 


49-858 


56-980 


64-103 


71-226* 


85-471 


180 


35-812 


42-974 


50i:i6 


67-299 


64-461 


71-623 


85-948 


181 


36-011 


43-218 


50-415 


67-617 


64-819 


72-021 


86-425 


182 


36210 


43-451 


50-693 


67-935 


65-177 


72-419 


86-903 


183 


36-408 


43-690 , 


50-972 


68-254 


65-535 


72-817 


87-380 


184 


36-607 


43-929 


51-250 


58-572 


65-893 


73-215 


87-858 


185 


36-806 


441«>8 


51-529 


68-890 


66-251 


73-613 


88-335 


186 


37005 


44-406 


51-807 


69-208 


66-610 


74-011 


88-813 


187 


37-204 


44-645 


C2-086 


69-5-27 


66-968 


74-408 


89-290 


188 


37-403 


44-884 


52-364 


69-845 


67-326 


74-806 


89-768 


189 


37-602 


45-123 


62-643 


60163 


67-684 


75-204 


90-245 


190 


37-801 


45-361 


52-921 


60-482 


68-042 


75-602 


90-722 


191 


38-000 


45-600 


63-200 


60-800 


68-400 


76-000 


91-200 


192 


38-199 


45-839 


63-478 


61-118 


68-758 


76-398 


91-677 


193 


38-398 


46-077 


63-757 


61-437 


69-116 


76-796 


92-155 


194 


38-597 


46-316 


54-035 


61-755 


69-474 


77194 


92-632 


195 


38-796 


46-555 


54-314 


62-073 


69-832 


77-591 


93-110 


196 


38-995 


46-794 


64-593 


62-391 


70-190 


77-999 


93-587 


197 


39-194 


47-032 


64-871 


62-710 


70-548 


78-387 


94-065 


198 


39-393 


47-271 


65-150 


63028 


70-907 


78-785 


94-542 


199 


39-591 


47-510 


55-428 


63-346 


71-265 


79-183 


95019 


200 


39-790 


47-748 


65-707 


63-665 


71-6-23 


79-581 


95-497 


201 


39-989 


47-987 


50-985 


63-983 


71-981 


79-979 


95-974 


202 


40-188 


48-226 


56-264 


64-301 


72-339 


80-377 


96-452 


203 


40-387 


48-465 


56-542 


64-619 


72-697 


80-774 


96-929 


204 


40-586 


48-703 


56-821 


64-938 


73-055 


81-172 


97-407 


205 


40-785 


48-942 


57-099 


65-256 


73-413 


81-570 


97-884 


206 


40-984 


49-181 


57-378 


65-574 


73-771 


81-968 


98-362 


207 


41183 


49-420 


57-656 


65-893 


74-129 


82-366 


98-839 


208 


41-382 


49-658 


57-935 


66-211 


74-487 


82-764 


99-317 


209 


41-581 


49-897 


58-213 


66-529 


74-845 


83162 


99-794 


210 


41-780 


50136 


58-492 


66-848 


75-204 


83-560 


100-271 


211 


41-979 


50-374 


58-770 


67-166 


75-562 


83-957 


100-749 


212 


42-178 


50-613 


59-049 


67-484 


75-920 


84-355 


lOi-226 


213 


42-377 


50-852 


59-327 


67-803 


76-278 


84-753 


101-704 


214 


42-576 


51-091 


53-606 


68-121 


76-636 


85-151 


102-181 


215 


42-774 


51-329 


69-884 


68-439 


76-994 


85-549 


102-659 


216 


42-973 


51-568 


60-163 


68-757 


77-352 


85-947 


103-136 


217 


43-172 


51-807 


60-441 


69-076 


77-710 


86-345 


103-614 


218 


43-371 


52-046 


60-720 


69-394 


78-068 


86-743 


104-091 


219 


43-570 


52-284 


60-998 


69-712 


78-426 


87-140 


104-568 


220 


43-769 


52-523 


61-277 


70-031 


78-784 


87-538 


105-046 


221 


43-968 


52-762 


61-555 


70-349 


79-143 


87-936 


105-523 


222 


44-167 


53-000 


61-834 


70-667 


79-501 


88-334 


106-001 


223 


44-366 


53-239 


62-112 


70-986 


79-859 


88-732 


106-478 


224 


44-565 


53-478 


62-391 


71-304 


80-217 


89-130 


106-95G 


225 


44-764 


53-717 


62-669 


71-622 


80-575 


89-5-28 


107-433 


226 


44-963 


53-955 


62-948 


71-940 


80-933 


89-926 


107-911 
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No. of 
teeUi. 


IH 


IK 


1^ 


2 


2K 


2K 


3 


227 


45-162 


54-194 


63-226 


72-259 


81-291 


90-323 


108-388 


228 


45-361 


54-433 


63-505 


72-577 


81-649 


90-721 


108-866 


229 


45-560 


54-672 


63-783 


72-895 


82-007 


91-119 


109-343 


230 


45-759 


54-910 


64062 


73-214 


82-365 


91-517 


109-820 


231 


45-957 


65-149 


64-340 


73-532 


82-723 


91-915 


110-298 


232 


46156 


55-388 


64-619 


73-850 


83-082 


92-313 


110-775 


133 


46-355 


55-626 


64-897 


74-169 


83-440 


9-2-711 


111-253 


234 


46-554 


55-865 


65-176 


74-487 


83-798 


93109 


111-780 


235 


46-753 


56-104 


65-464 


74-805 


84156 


93-506 


112-208 


236 


46-952 


56-343 


65-733 


75-123 


84-514 


93-904 


112-685 


237 


47-151 


56-581 


66-012 


75-442 


84-872 


94-302 


113-163 


238 


47-350 


56-820 


66-290 


75-760 


85-230 


94-700 


113-640 


139 


47-549 


57-059 


66-569 


76-078 


85-o88 


95-098 


114-117 


240 


47-748 


57-297 


6^5-847 


76-397 


85-946 


95-496 


114-595 


241 


47-947 


57-536 


67-1-26 


76-715 


86-304 


95-894 


115-072 


242 


48146 


57-775 


67-404 


77033 


86-662 


96-292 


115-550 


243 


48-345 


58-014 


67-683 


77-352 


87-0^0 


96-689 


116-027 


244 


48-544 


58-252 


67-961 


77-670 


87-3.9 


97-087 


116-505 


245 


48-743 


58-491 


68-240 


77-988 


87-737 


97-485 


116-982 


246 


48-942 


58-730 


68-518 


78-306 


88-095 


97-883 


117-460 


247 


49-140 


58-969 


68-797 


78-625 


88-453 


98-281 


117-937 


248 


49-339 


59-207 


69-075 


78-943 


88-811 


98-679 


118-415 


249 


49-538 


59-446 


69-354 


79-261 


89-169 


99-077 


118-892 


250 


49-737 


59-685 


69-632 


79-580 


89-527 


99-475 


119-369 


251 


49-936 


59-923 


69-911 


79-898 


89-885 


99-872 


119-847 


252 


50135 


60-162 


70-189 


80-216 


90-243 


100-270 


120-324 


253 


50-334 


60-401 


70-468 


80-535 


90-601 


100-668 


120-802 


254 


fO-533 


60-640 


70-746 


80-853 


90-959 


101-066 


121-279 


255 


50-732 


60-878 


71-025 


81-171 


91-318 


101-464 


121-757 


256 


50-931 


61-117 


71-303 


81-489 


91-676 


101-862 


122-234 


257 


51130 


61-356 


71-582 


81-808 


92034 


102-260 


12-2-712 


258 


51-329 


61-595 


71-860 


82-126 


92-392 


102-658 


123-189 


259 


51-528 


61-833 


72-139 


82-444 


92-750 


103-055 


123-667 


260 


51-727 


62-072 


72-417 


82-763 


93-108 


103-453 


124-144 


261 


51-926 


62-311 


72-696 


83-081 


93-466 


103-851 


124-621 


262 


52125 


62-549 


72-974 


83-399 


93-824 


104-249* 


125-099 


263 


52-323 


62-788 


73-253 


83-718 


94-182 


104-647 


125-576 


264 


52-522 


63027 


73-531 


84-036 


94-540 


105045 


126054 


265 


52-721 


63-266 


73-810 


84-354 


94-898 


105-443 


126-531 


266 


52 920 


63.504 


74-088 


84-673 


95-257 


105-841 


127-009 


267 


53-119 


63-743 


74-367 


84-991 


95-615 


106-239 


127-486 


268 


53-318 


63-982 


74-645 


85-309 


95-973 


106-636 


127-964 


269 


53-517 


64-221 


74-924 


85-627 


96-:}3l 


107034 


128-441 


270 


53-716 


64-459 


75-202 


85-946 


96-689 


107-432 


128-919 


271 


53-915 


64-698 


75-481 


86-264 


97-047 


107-830 


129-396 


272 


54114 


64-937 


75-760 


86-582 


97-405 


108-228 


129-873 


273 


54-313 


65-175 


76-038 


86-901 


97-763 


108-626 


130-351 


274 


54-512 


65-414 


76-317 


87-219 


98121 


109-024 


130-828 
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Naof 
teeth. 


1}( 


1J4 


IK 


2 


2K 


2M 


3 


275 


54.711 


65-653 


76-595 


87-537 


98-479 


109-422 


131-306 


276 


54-910 


65-892 


76-874 


87-856 


98-837 


109-819 


131-783 


277 


55-109 


66-130 


77-152 


88-174 


99-196 


110-217 


132-261 


278 


55-308 


66-369 


77-431 


88-492 


99-554 


110-615 


132-738 


279 


55-507 


66-608 


77-709 


88-810 


99-912 


111-013 


133-216 


280 


55-705 


66-847 


77-988 


89129 


100-270 


111-411 


133-693 


281 


55-904 


67-085 


78-266 


89-447 


100-628 


111-809 


134-171 


282 


56-103 


67-324 


78-545 


89-765 


100-986 


11-2-207 


134-048 


283 


66-302 


67-563 


78-823 


90-084 


101-344 


112-605 


135-l5i5 


284 


56-501 


67-801 


79-102 


90-402 


101-702 


ll;^002 


135-603 


285 


56-700 


68-040 


79-380 


90-720 


102-060 


113-400 


136-080 


286 


56-899 


68-279 


79-659 


91-039 


302-418 


113-798 


136-558 


287 


57-098 


68-518 


79-937 


91-357 


102-776 


114-196 


137035 


'288 


57-297 


68-756 


80-216 


91-675 


103-i:i5 


114-594 


137-513 


289 


57-496 


6fc;-995 


80-494 


91-993 


103-493 


114-992 


137-990 


290 


57-695 


69-234 


80-773 


92-312 


103-851 


115-390 


138-468 


291 


57-894 


69-473 


81-051 


92-630 


104-209 


115-788 


1:38-945 


i:92 


58-093 


69-711 


81-330 


92-948 


104-567 


116185 


139-423 


293 


58-292 


69-950 


81-608 


93-267 


104-9-25 


116-583 


139-900 


294 


58-491 


70189 


81-887 


93-585 


105-283 


116-981 


140-377 


293 


58-690 


70-4-27 


8-2-165 


93-903 


105-641 


117-379 


140-8:5 


296 


58-888 


70-666 


82-444 


94-222 


105-999 


117-777 


141-333 


297 


59-087 


70-905 


82-722 


94-540 


106-357 


118-175 


141-810 


298 


59-286 


71-144 


83-001 


94-858 


106-715 


118-573 


142-287 


299 


59-485 


71-382 


83-279 


95-177 


107-074 


118-971 


142-765 


300 


59-684 


71-6-21 


83-558 


95-495 


107-432 


119-369 


143-242 
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AdltiBtable gages, 88, 41, 42, 43, 49 

Adjuutable uand rest, 53, 53 

•* plane for curves, 28, 32 

AcUosting bevel square, S3 



Babbitt metal, bearing for, 174, 175, 176 
Bearing castings, shape of, 172 

Bearing for Babbitt metal, 174, 175, 176 
Bearing castings, contraction 

172, 173 
106 
1G6 
1C7 
117 
206 to 213 
200 
211 
38 
193 
193 
133 to 142 



Of, 
Bench stop. 

Bench for pattern making, 
Bench hook. 
Bevel gage setting. 
Bevel gearwheels. 
Bevel pinion. 
Bevel wheel, building up. 
Bevel square. 
Boiler, how to sweep up a. 
Boiler, or pan, mold for. 
Building pulley patterns. 



Call]^r8, 49 

Castmgs, contraction In cooling of, 99 

Cement chuck. 

Cement, mixture of. 

Center plates. 

Chisel handles, shape of. 



Chisel, paring. 
Chisel Biiarpening, 
Chuck cement. 
Chucking contrivances. 
Chuck for thin work. 
Chuck, methods of making. 
Chuck screw. 
Chuck wood faced. 



65 
65 
68 
34 
83 
96 
65 
67 
65 
69 to 63 
64 
69 



Cog teeth for gear wheels, 225 to 233 

Column pattenis, blocks for, 178 

" cores for, 181, 182, 183 

** " ornaments for, 181 

" " how to make, 180 

" " round, 184 to 188 

Column patterns, square, 178 

Compasses, 39 

** pencil attachment for, 40 

Compass plane, 27 

Contraction of brass castings, 172 

Conversion of English inches into 

centimetres, 265 

14* 



Conversion of centimetres Into - 

English inches, 200 

Conversion of metres into English 

icct, 260 

Conversion of English feet into 

metres, 266 

Conversion of French square 

measure into English, 207 

Conversion of French cubic meas- 

me into English, 207 

Conversion of Ficnch lineal meas- 

ui'o iuto Eu^^fih, 267 

Oope of foundry flask, 74 

Cores, use of, 82 

" kiuds of, 83 

" for globe valve, 102, 163, 164, 1C5 
Core boxes, 82, 83. 84, 85, 86, 87, tftJ, 89 

*' boxes for T patterns, 130 

" boxes for pipe bends or T's, 146, 

147, 148, 149 

Core box plane, 80 

Cores for pipe work, CO 

" sweeping for li^ bends, 149, 150 



Decimal equivalents for avoirdu- 
pois weiglit, 268 

Decimal equivalents for cubic 
measure, 261 

Decimal equivalents for inches 
and fractious, 300, 301 

Decimal equivalents for long 
measure, 268 

Decimal equivalents for square 
measiu'e, 261 

Decimal equivalents for troy 
weight, 268 

Dianii'tral pitch, 270 

Diameters, circumferences, areas, 
etc., of circles, 274 to 283 

Diameters, areas, etc. of circles 
and contents in gallons, at one 
f OQ^ in length or depth, 297 to 399 

Dog for holding work, 110 

Dovetailed Joints, 167 

Dovetailing pinion teeth, 200 

Endless screw, to cut in the lathe, 

213,214,215 

'< ** tooutbyhandU 216 to 

m 
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Fooe lathes, «l. 285, 886 

FiOce plate, 69 

Fhwks for molding, 74, 7S, 76 

Fly wheels, calculatiiig weight of, aid 
Fore plane, how to use, 24 

Foundi-y floor, 78 

Foundry operations, 78 to 87, and 
193 to 198 
Fork center, 67 



Oage hexagon, 116 

Gages lor sawing out oog teeth, 227, 
228,229,230,231,232 
Gages, 41, 42, 43 

Gage, acUustable, 49 

Gear wheel teeth, inarlrlng out, 201, 
202, 203, 204 

Gear wheel teeth cutting out, 204 

" " " frame for, 204 

" " " a<yustmg and 

fastening, 205 

Gear wheels, bevel, * 206 to 213 

Gear worm screw, pattern for, 213, 214 

Gtoar wheel patterns, oonsti'uo- 

tion of, 199 to 213 

Gear wheel patterns made in sec- 
tions, 206 
Gear wheel patterns, solid pin- 
ions, 200 
Gear wheel patterns, turning, 200 
Gear wheel pinions, dividing off, 200 
Gear wheel patt^nis, how to 

make, 199 to 213 

Gear worm screw, cutting in the 

lathe, 214, 215 

Gear worm screw, cutting by 

hand, 216, 217, 218 

Gear wheel teeth, scale for, 218 

Gear wheel teeth, how to use scale 

for, 219, 220 

Gear wheels, patterns for, 199, 

Ctoar wheel patterns, wood for, 200 
Gear wheels, cog teeth for, 226 to 233 
Gland patterns, now to make, 99 to 
111, and 116 to 118 
Gland patterns, kinds of, 92 to 98 
Globe val ve, 168 to 166 

Gluing end wood, 123 

Gluiug segments, 137, 138 

Glue pot, 243 

Gluing wheel teeth, 205 

Gouge tumiu^. 66 

Gouge, grinding a, 36 

Gouge, concave and convex, 36 

Gouge, how to hold, 66 



Half lap joint, 168 

Hand rest, fastening, 60, 61, 62, 68 

« •< movable tripod. 69 

Hexagon brasses, bovcls of, 173,178 



Hexagon gam IM 

Holding dog, 110 

Holding tunilnggaflj^ e6,C7 

** skew olBsel, 68 

Holes, marking, for peggbig^ 108 



Jack plane, how to nse, 



Jig saw, 

Jomt, half lap. 

Jointing spokes, 140, 141 



24 

237,238,239 

168 



Joints, tenon and mortise, 167 

Journal, brass limits on patterns 
for, 9J, 172, 173 



Lathe for pattern work, 50 

Lathes for facing, 63 

Lathe, fastening rest upon, 60, 51,62, 63 
Lathe, cone pulley of, 65 

Lathe rest, aiUustable or movable, 66 
Lathe, tailstock of, 66 

« rmiuing head of, 63 

" tools, 60, 07, 68, 69, 70, 71, 72 

Lagging or staving, 190 

Loam work, 193 

Mallet, 47 

Marking pin or peg holes, 114 

Mitre box, 160, 169 

Mitre Joint. 169 

Mixtures of metals, 2o0 

Mixing varnish, 112 

Molds, construction of, 73 to 81 

Molding with sections of pat- 
terns, 222, 223, 224 
Molding boards for thin work, 189 
* * cores for oolum us, 191, 192 
" cored gland partem, 94 
" cylinders by sweeps, 169 
** by section iiatternn, 221-224 
cores for pipe bends, 149, 150 
" pulleys, 132 
Mortise and tenon Joint, 169 



Oilstones use of, 28 

Oilstones truing, 48 

Oilstones kinds of, 47 



Paring chisel, 88 

Parallel strip, 46 

Patterns for Babbitted boxes, 174 to 

176 

** bearing boxes, 99 

" bevel gears, 906 to 212 

** bevel pinions, 210, 211 

" branch pipes, 126 

** columns, 178 to 184 

cylinders, 197 

* ids, 98 
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Vttttenui for gear wheels, 199 to 907, 
nnd225to234 
«• fflobe tbItbs, 158 to i«9 
" pulleya. 182.133,134,135 
•« plUar l>loolr, 170. 174 

•« pipe beuds, 143 

•• 4*8 120 

«• window Bill, 

" worm screw, 213 to 217 
Patterns, sweep. ^ ^ ,^ .^ 

Patterns, loosening in the mould, 100 
Pattern, varnishing, J12 

Pegs or pins, 107, 108, 109 

Peg or pin, making tool, 108 

Peg, shape of, 109 

Pitch, diametral, 270 

Pin or peg holes, marking, 1 U 

Pianos. 20 to 82 

Plane iron grinding, 20, 21 

Planing machine, 242 

Pulleys, patterns for, 132, 221 

Pulleys, molding in sections, 222 



Babbit planes, 
Bapping patterns. 
Router plane, 
Bubbers for sand-paper, 

- - ■ • • - -iifck: 



29 

78. 100, 101 

28 

Bule to calculate thickness of 
cylinders an<l plpca, 248 

Bule to calculate cylinders for 
hydraulic presses, 249 

Bules to calculate weight of fly- 
wheel, 249 



Sand-papering, 
Baw, band. 
Saw, circular, 
Sawjlg, 
Soriber, 
Screw-driver, 
Screw chuck. 
Section patterns. 
Section molding. 
Shape of chisel bandies. 



104, 100 

240 

241 

287,238,239 

117 

47 

68 

223 

222, 228, 224 

84 

Shrinkage In castings, 244 

"^ bai-s, 246 

** cylinders, 244 

«• disks, 246 

*< general laws of, 246,247 

«* globes, 244 

** journal brasses, 246 
•* ribs on plates, 247 

•* table oC 246 

** tubes, 246 

M U-shaped castings, 246 

** wedge-shaped cast- 

ings, 246 

Shooting board, 187 

Skew chisel, how to use, 68, 69 

Staving or lagging, 161 to 167 

Snap flask, 76 

Spindle for sweep work, 199 



Spokes. Jointing, 1«, m 

Square, . . ^Jj 

Steam cylindeis, sweeping up, , loe 
Strength of cylinders, rules to cal- 
culate the, 248,249 
Swept cores, ^ ^*®'}S! 
Sweep and loam work, 193 
Sweep, operation of, 193, 194, 196, 196 



Tables of weight, avoirdupois 
weight, . ^ 262 

Tables of weight, troy weight, 262 
♦« " of water, de- 

cimal equivalents for, 269 

Tables of the weight of cast iron 
bars, , 256 

Tables of the weight of oast iron 

Tablesof the weight of oast metaLB,25i 
«« « •• iron 

pipes, 252, 253 

Tabl^f the weight of cast iron 

and lead balls, 254 

Tables of the weight of copper 

bolts, ^ 252 

Tables of the weight of flat cast 

iron, 256 

Tables of the weight of various 

kinds of wire, 257 

Tables of the weight of nails 

and spikes, 254 

Tables of the weight of water 

in decimal equivalents, 269 

Tables of the weight of water 

in pipes, 259 

Tables of the weight of water 

at different teniiieratures, 269 

Tables of the weight of various 

substances, 256 

Tables of the weight of ropes 

and chains, 255 

Tables of the weight of timber, 261 
" '^ patterns 

and castings, 251 

Tables of the weight of metal 

plates per square foot, 258 

Tables of Measure : 

Ale and beer measure, 263 

American and £ngUsh meas. 

ures, 2G1 

Comparative measures of 

length, 2G0 

Cloth measure, 260 

Dry measure, 2G1 

Foreign measures of length 

compared with U. S., 264 

Land measure, 260 

Measures of length, 2G0 

Miscellaneous measures, 261 

Nautical measure, 260 

Pendulums, 260 

Solid or cubic measure, 961 

Square measure, 96| 
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272 
272 



271 
273 



Tables of Measni^.— Contliiaed : 
Timber measure, 802 

Wine measure, 263 

Table of the sizes of drawing 

l>aper, 271 

Table of the sizes of traetng paper, 271 
'* '* iron washers, 273 

♦* ** penny nails, 271 

" •* taps for ma- 

chine screws, 
Table of the sizes of tapping 

holes for pipe taps. 
Table of the sizes of sheet iron 

and zinc. 
Table of the sizes of wire rope, 
** diameters and nmnber 
of teeth in wheels of various 
pitches, 308 to 320 

Table of mixtures of metals, 250 
" melting points of metals, 250 
** squares, cubes, squtire 
roots, cube roots, etc, of num- 
bers, 284 to 296 
Table of diameters, areas and 

ciroumf erenc^es of circles, 274 to 283 
Table of scantling and timber 

measure, 302 to 306 

Table of natural sines, 307 

" decimal equivalents, 265 to 

269, and 300, 301 

T pattern, 121 

T pattern, core boxes for, 130 

T pattern, how to make, 121 to 129 

T pattera, skew, 126 

Thickness fur cylinders, 248 

" " pipes, 248 

" " hydraulic press, 

cylinders, 249 

Thin patterns, 189 

Timber drying, 17 

Timber, selocnon of, 15, 16 

Teeth, dovetailed, 212 

Teethof gearwheelSfhowtomake, 200 

to 210 

Tools, bevel squareSp 88 

*' block planob 82 

•* borings T2 



Tools, chisels, 83, 84, 68, 09, TIV Tl 

** oompassesi 89 

« oompass plane, 97, 82 

" coi-e Dox plane* 80, 31 

<* fore plane, 24 

*< for cutting endless screws 

or worms, 214, 215, 216 

« gages, 86, 41, 42, 43, 49, 60 

)Ugen, 83, 84, 35, 66, 67 



" Tack plane. 


20.21 


•* Jointer plane. 


32.83 


" machine. 


234 to 242 


« parallel strips, 


46 


" plane blades. 


20 


" rabbet plane. 


29 


•♦ router plane, 
•* smoothing plane. 


28 
32 


*' square. 


87 


** trammels. 


44,46 


** tiammel gage for Tb, 


125 
108 


" turning. 


71 


Tripod hand-rest, 


66 



Useful numbers in calculating 
useful weights and measures, 



264 



Varnish, pot for, 112 

*• colors of, 113 

'' application of, 114 

Wheels, making teeth for, 199 to 213, 
and 225 to 233 
Wheel teeth dovetailed, advan- 
tages of, 210 
Wiutlow Bill, molding block for, 189 
Window sill, pattern for, 189 
W ire edge of tools, 23 
Wood, facing chuck, 69 
Wood, selectmg, 16 
Wood, shrinkage of, 18 
Wood, storage of, 16 
Wood, warpiiig o^ IT 
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ADAMS, J. W. Sewers and Drains for Populous Dis- 
tricts. Embracing Rules and Formulas for the dimensions and con- 
struction of works of Sanitary Engineers. Second edition. 8vo, 
cloth $2.50 

ALEXANDER, J. H. Universal Dictionary of Weights 

and Measures, Ancient and Modern, reduced to the Standards of 
the United States of America. New edition, enlarged. 8vo, 
cloth $3.50 

ANDERSON, WILLIAM. On the Conversion of Heat 

into Work. A Practical Handbook on Heat-Engines. Illustrated, 
izmo, cloth $2.00 

ATKINSON, PHILIP. The Elements of Electric 

Lighting, including Electric Generation, Measurement, Storage, 
and Distribution. i2mo, cloth $150 

AUCHINCLOSS, W. S. Link and Valve Motions 

Simplified. Illustrated with 37 woodcuts and 21 lithographic plates, 
together with a Travel Scale, and numerous useful tables. Tenth 
edition. 8vo, cloth $3.00 

AXON, W. E. A. The Mechanic's Friend. A Collection 
of Receipts and Practical Suggestions relating to Aquaria, Bronzing, 
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Horology, Lacquers, Locomotives, Magnetism, Metal- working. Mod- 
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ous Tools, Instruments, Machines, and Processes connected with 
the Chemical and Mechanic Arts. With numerous diagrams and 
woodcuts. Fancy cloth $1.50 

BACON, F. W. A Treatise on the Richards Steam- 
Engine Indicator, with directions for its use. By Charles T. Porter. 
Revised, with notes and large additions as developed by American 
practice ; with an appendix containing useful formulae and rules for 
engineers. Illustrated. Fourth edition, i2mo, cloth . . . $1.00 
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BARBA, J. The Use of Steel for Constructive Purposes. 

Method of Working Applying, and Testing Plates and Bars. With 
a Preface by A. L. HoUey, C.E. i2mo, cloth $1.50 



BARRETT, Capt. EDWARD. Dead Reckoning; or, 
Day's Work. 8vo, flexible cloth $r.oo 

BEILSTEIN, F. An Introduction to Qualitative Chem- 
ical Analysis. Translated by I. J. Osbun. i2mo, cloth ... .75 

BECKWITH, ARTHUR. Pottery. Observations on the 
Materials and Manufacture of Terra-Cotta, Stoneware, Fire-Brick, 
Porcelain, Earthenware, Brick, Majolica, and Encaustic Tiles. 8vo, 
paper .60 

BLAKE, W. P. Report upon the Precious Metals. 

Being Statistical Notices of the principal Gold and Silver producing 
regions of the World, represented at the Paris Universal Exposition. 
8vo, cloth $2.00 

Ceramic Art. A Report on Pottery, Porcelain, Tiles, Terra- 
Cotta, and Brick. 8vo, cloth $2.00 

BLYTH, A. WYNTER, M.R.C.S., F.C.S. Foods: their 

Composition and Analysis. Third edition. Crown 8vo, cloth, |6.oo 

Poisons : their Effects and Detection. Second edition. 

Crown Svo, cloth $6.00 

BOTTONE, S. R. Electrical Instrument Making for 

Amateurs. A Practical Handbook. With 48 illustrations. i2mo, 
cloth . . . \ $1.20 

BOW, R. H. A Treatise on Bracing. With its application 
to Bridges and other Structures of Wood or Iron. 156 illustrations. 
8vo, cloth $1.50 

BOWSER, Prof. E. A. An Elementary Treatise on 

Analytic Geometry. Embracing Plain Geometry, and an Intro- 
duction to Geometry of three Dimensions. i2mo, cloth. Tenth 
edition $175 

An Elementary Treatise on the Differential and In- 
tegral Calculus. With numerous examples. i2mo, cloth. Nmth 
edition $2.25 

An Elementary Treatise on Analytic Mechanics. 

With numerous examples. i2mo, cloth. Third edition . . $3.00 

An Elementary Treatise on Hydro-Mechanics. Wit^h 

numerous examples. i2mo, cloth. Second edition . * . . $2.50 

Academic Algebra . .• $1.50 

College Algebra i^2.oo 
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BOWIE, AUG. J,, Jun., M.E. A Practical Treatise on 

Hydraulic Mining in California. With Description of the Use and 
Construction of Ditches, Flumes, Wrought-iron Pipes, and Dams ; 
Flow of Water on Heavy Grades, and its Applicability, under High 
Pressure, to Mining. Second edition. Small quarto, cloth. Illus- 
trated $5-oo 

BURGH, N. P. Modern Marine Engineering. Applied 
to Paddle and Screw Propulsion. Consisting of 36 colored plates, 259 
practical woodcut illustrations, and 403 pages of descriptive matter. 
The whole being an exposition of the present practice of James Watt 
& Co., J. & G. Rennie, R. Napier & Sons, and other celebrated 
firms. Thick 4to vol., cloth $10.00 

Half morocco $15.00 

BURT, W. A. Key to the Solar Compass, and Survey- 
or's Companion. Comprising all the rules- necessary for use in the 
field ; also description of the Linear Surveys and Public Land System 
of the United States, Notes on the Barometer, Suggestions for an 
Outfit for a Survey of Four Months, etc. Fifth edition. Pocket-book 
form, tuck $2.50 

CAIN, Prof. WM. A Practical Treatise on Voussoir 

and Solid and Braced Arches. i6mo, cloth extra . . . . $1.75 

CALDWELL, Prof. GEO. C, and BRENEMAN, Prof. 

A. A. Manual of Introductory Chemical Practice. For the use of 
Students in Colleges and Normal and High Schools. Third edition, 
revised and corrected. 8vo, cloth. Illustrated. New and enlarged 
edition $1.50 

CAMPIN, FRANCIS. On the Construction of Iron 

Roofs. A Theoretical and Practical Treatise, with wood-cuts and 
Plates of Roofs recently executed. 8vo, cloth $2.00 

CHURCH, JOHN A. Notes of a Metallurgical Journey 
in Europe. 8vo, cloth $2.00 

CLARK, D. KINNEAR, C.E. A Manual of Rules, 

Tables, and Data for Mechanical Engineers. Based on the most 
recent investigations. Illustrated with numerous diagrams. 1,012 

pages. 8vo, cloth. Third edition $5 00 

Half morocco $7.50 

CLARKE, T. C. Description of the Iron Railway Bridge 

over the Mississippi River at Quincy, 111. Illustrated with 21 litho- 
graphed plans. 4to, cloth l7-5o 
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CLEVENGER, S. R. A Treatise on the Method of 

Government Surveying as prescribed by the U. S. Congress and 
Commissioner of tne General Land Omce, with complete Mathe- 
matical, Astronomical, and Practical Instructions for the use of the 
United States Surveyors in the field. i6mo, morocco . • . $2.50 

COLBURN, ZERAH. The Gas- Works of London. i2mo, 
boards Co 

COLLINS, JAS. E. The Private Book of Useful Alloys 

and Memoranda for Goldsmiths, Jewellers, etc. i8mo, cloth . .50 

CORNWALL, Prof. H. B. Manual of Blow-Pipe 

Analysis, Qualitative and Quantitative. With a Complete System of 
Descriptive Mineralogy. 8vo, cloth, with many illustrations, $2.50 

CRAIG, B. F. Weights and Measures. An account of the 
Decimal System, with Tables of Conversion for Commercial and 
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CRAIG, Prof. THOS. Elements of the Mathematical 

Theory of Fluid Motion. i6mo, cloth $1.25 

CUMMING, LINN^US, M.A. Electricity treated 

Experimentally. For the use of Schools and Students. New edition. 
i2mo, cloth $1.50 

DIXON, D. B. The Machinist's and Steam-Engineer's 

Practical Calculator. A Compilation of Useful Rules, and Problems 
arithmetically solved, together with General Information applicable 
to Shop-Tools, Mill-Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables, and Instruction in Screw 
cutting. Valve and Link Motion, etc. i6mo, full morocco, pocket 
form $2.00 

DODD, GEO. Dictionary of Manufactures, Mining, 

Machinery, and the Industrial Arts. i2mo, cloth . . . . $1.50 

DORR, B. F. The Surveyor's Guide and Pocket Table 

Book. i8mo, morocco flaps $2.00 

DUBOIS, A. J. The New Method of Graphical Statics. 

With 60 illustrations. 8vo, cloth $1.50 

EDDY, Prof. H. T. Researches in Graphical Statics. 

Embracing New Constructions in Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal Stress in 
Graphical Statics. 8vo, cloth $1.50 

EI.IOT, Prof. C. W., and STORER, Prof. F. H. A 

Compendious Manual of Qualitative Chemical Analysis. Revised 

• with the co-operation of the authors, by Prof. William R. Nichols. 

Illustrated. i2mo, cloth $1-50 
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FANNING, J. T. A Practical Treatise on Hydraulic 

and Water-Supply Engineering. Relating to the Hydrology, Hydro- 
dynamics, and Practical Construction of Water- Works in North 
America. Fifth edition. With numerous tables and i8o illustra- 
tions. 650 pages. 8vo, cloth. Sixth edition, revised, enlarged, and 
new tables and illustrations added $5.00 

FISKE, Lieut. BRADLEY A., U.S.N. Electricity in 

Theory and Practice ; or. The Elements of Electrical Engineering. 
Fifth edition. 8vo, cloth $2.50 

FORBES, Prof. GEORGE. Galvanic Batteries. In Press. 

FOSTER, Gen. J. G., U.S.A. Submarine Blasting in 

Boston Harbor, Massachusetts. Removal of Tower and Corwin 
Rocks. Illustrated with 7 plates. 4to, cloth $3.50 

FRANCIS, JAS. B., C.E. Lowell Hydraulic Experi- 
ments. Being a selection from experiments on Hydraulic Motors, 
on the Flow of Water over Weirs, in open Canals of uniform rec- 
tangular section, and through submerged Orifices and diverging 
Tubes. Made at Lowell, Mass. Fourth edition, revised and en- 
larged, with many new experiments, and illustrated with 23 copper- 
plate engravings. 4to, cloth $15.00 

GILLMORE, Gen. Q. A. Treatise on Limes, Hydraulic 

Cements, and Mortars. Papers on Practical Engineering, United 
States Engineer Department, No. 9, containing Reports of numerous 
Experiments conducted in New York City during the years 1858 to 
1 861, inclusive. With numerous illustrations. 8vo, cloth . $4.00 

Practical Treatise on the Construction of Roads, 

Streets, and Pavements. With 70 illustrations. i2mo, cloth, $2.00 

Report on Strength of the Building-Stones in the 

United States, etc. 8vo, illustrated, cloth $1.00 

GOODEVE, T. M. A Text-Book on the Steam-Engine. 

With a supplement on Gas-Engines. Ninth edition. 143 illustra- 
tions. i2mo, cloth $2.00 

GORDON, J. E. H. Four Lectures on Static Induction. 
i2mo, cloth $0.80 

School Electricity. i2mo, cloth $2.00 

GRIMSHAW, ROBERT, M.E. The Steam Boiler 

Catechism. A Practical Book for Steam Engineers, Firemen, and 
Owners and Makers of Boilers of any kmd. Illustrated. Thick 
i8mo, cloth $2.00 

GRUNER, M. L. The Manufacture of Steel. Translated 
from the French, by Lenox Smith; with an appendix on the Bessemer 
process in the United States, by the translator. Illustrated. 8vo, 
cloth $3.50 
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HALF-HOURS WITH MODERN SCIENTISTS, 

Lectures and Essays, by Profs. Huxley, Barker, Stirling, Cope, 
Tyndall, Wallace, Roscoe, Huggins, Lockyer, Young, Mayer, and 
Reed. Being the University Series bound up. With a general in- 
troduction by Noah Porter, President of Yale College. 2 vols., 
i2mo, cloth, illustrated I2.50 

HAMILT9N, W. G. Useful Information for Railway 

Men. Sixth edition, revised and enlarged. 562 pages, pocket form. 
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HARRISON, W. B. The Mechanic's Tool Book. With 
Practical Rules and Suggestions for use of Machinists, Iron- Workers, 
and others. Illustrated with 44 engravings. i2mo, cloth . . $1.50 

HASKINS, C. H/ The Galvanometer and its Uses. A 

Manual for Electricians and Students. Second edition. i2mo, 
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HEAP, Major D. P., U.S.A. Electrical Appliances of 

the Present Day. Report ut the Paris Electrical Exposition of 1881. 
250 illustrations. . 8vo, cloth $2.00 

HERRMANN, Gustav. The Graphical Statics of Mech- 
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Engineers; and also a Text-book for Technical Schools. Trans- 
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plates $2.00 

HEWSON, WM. Principles and Practice of embanking 

Lands from River Floods, as applied to the Levees of the Missis- 
sippi. 8vo, cloth $2.00 

HENRICI, OLANE. Skeleton Structures, Applied to 

the Building of Steel and Iron Bridges. Illustrated . . . $1.50 

HOLLEY, ALEXANDER L. Railway Practice. Ameri- 
can and European Railway Practice in the Economical Generation of 
Steam, including the Materials and Construction of Coal-burning 
Boilers, Combustion, the Variable Blast, Vaporization, Circulation, 
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tation of Wood and Coke-burning Engines to Coal-burning ; and in 
Permanent Way, including Road-bed, Sleepers, Rails, Joint Fasten- 
ings, Street Railways, etc. With ^^ lithographed plates. Folio, 
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HOWARD, C. R. Earthwork Mensuration on the Basis 
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tical Uses. Illustrated. 8vo, cloth 1 1.50 

ISHERWOOD, B. F. Engineering Precedents for Steam 
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Engineers. With illustrations. 2 vols, in i. 8vo, cloth . . $2.50 
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JANNETTAZ, EDWARD. A Guide to the Determina- 
tion of Rocks : being an Introduction to Lithology. Translated 
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at Brooklyn Polytechnic Institute. i2mo, cloth $1.50 

JONES, H. CHAPMAN. Text-Book of Experimental 

Organic Chemistry for Students. i8mo, cloth ^i.oo 

JOYNSON, F. H. The Metals used in Construction: 

Iron, Steel, Bessemer Metal, etc. Illustrated. i2mo, cloth . .75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth $2.00 

KANSAS CITY BRIDGE, THE, With an Account of the 
Regimen of the Missouri River, and a Description of the Methods 
used for Founding in that River. By O. Chanute, Chief Engineer, 
and George Morrison, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth $6.00 

KAPP, GISBERT, C.E. Electric Transmission of 

Energy, and its Transformation, Subdivision, and Distribution. A 
practical handbook. i2mo, cloth $3.00 

KING, W, H. Lessons and Practical Notes on Steam. 

The Steam-Engine, Propellers, etc., for Young Marine Engineers, 
Students, and others. Revised by Chief Engineer J. W. King, United 
States Navy. Nineteenth edition, enlarged. 8vo, cloth . . $2.00 

KIRKWOOD, JAS. P. Report on the Filtration of 

River Waters for the supply of Cities, as practised in Europe, made 
to the Board of Water Commissioners of the city of St. Louis. 
Illustrated by 30 double-plate engravings. 4to, cloth . . . $15.00 

LARRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hogg's Improvements. The most perfect Secret 
Code ever invented or discovered. Impossible to read without the 
key. i8mo, cloth 60 

LARDEN, W., M^A. A School Course on Heat. i2mo, 
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LEITZE, ERNST. Modern Heliographic Processes. 

A Manual of Instruction in the Art of Reproducing Drawin^rs, 
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LOCKWOOD, THOS. D. Electricity, Magnetism, and 

Electro-Telegraphy. A Practical Guide for Students, Operators, and 
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LORING, A. E. A Handbook on the Electro -Magnetic 

Telegraph. Paper boards 50 
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MAIER, JULIUS, Ph.D. Arc and Glow Lamps. A 

Practical Handbook on Electric Lighting. Illustrated. i2mo, 
cloth ; $3.00 

MACGREGOR, WM. Gas-Engines: their Theory and 
Management. Folding plates, i2mo, cloth $3.00 

MACCORD, Prof. C. W. A Practical Treatise on the 

Slide-Valve by Eccentrics, examining by methods the action of the 
Eccentric up)on the Slide-Valve, and explaining the practical pro- 
cesses of laying out the movements, adapting the Valve for its 
various duties in the Steam-Engine. Second edition. Illustrated. 
4to, cloth $2.50 

MCCULLOCH, Prof. R. S. Elementary Treatise on 

the Mechanical Theory of Heat, and its application to Air and 
Steam Engines. 8vo, cloth $3.50 

MERRILL, Col. WM. E., U.S.A. Iron Truss Bridges 

for Railroads. The method of calculating strains in Trusses, with a 
careful comparison of the most prominent Trusses, in reference to 
economy in combination, etc. Illustrated. 4to, cloth. 4th ed., $5.00 

MICHIE, Prof. P. S. Elements of Wave Motion relat- 
ing to Sound and Light. Second edition. Textbook for the United 
States Military Academy. 8vo, cloth, illustrated $5.00 

MINIFIE, WM. Mechanical Drawing. A Textbook of 
Geometrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly explained; 
the Practical Problems are arranged from the most simple to the 
more complex, and in their description technicalities are avoided as 
much as possible. With illustrations for Drawing Plans, Sections, 
and Elevations of Railways and Machinery; an Introduction to 
Isometrical Drawing, and an Es§ay on Linear Perspective and 
Shadows. Illustrated with over 200 diagrams engraved on steel. 
Ninth thousand. With an appendix on the Theory and Application 
of Colors. 8vo, cloth $4.00 

Geometrical Drawing. Abridged from the octavo edition, 

for the use of schools. Illustrated with 48 steel plates. Eighth 
edition. i2mo, cloth $2.00 

MODERN METEOROLOGY. A Series of Six Lectures, 
delivered under the auspices of the Meteorological Society in 1878. 
Illustrated. i2mo, cloth $1.50 

i\: ORRIS, E. Easy Rules for the Measurement of 

Earthworks by means of the Prismoidal Formula. 8vo, cloth, 
illustrated ' $1.50 

MOTT, H. A., Jun. A Practical Treatise on Chemistry 

(Qualitative and Quantitative Analysis), Stoichiometry, Blow-pipe 
Analysis, Mineralogy, Assaying, Pharmaceutical Preparations, Human 
Secretions, Specific Gravities, Weights and Measures, etc. New 
edition, 1883. 650 pages. 8vo, cloth $4«oo 
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MULLIN, JOSEPH P., M.E. Modern Moulding and 

Pattern-Making. A Practical Treatise upon Pattern-Shop and 
Foundry Work : embracing the Moulding of Pulleys, Spur Gears, 
Worm Gears, Balance- Wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves,. Tool Work, Mining Machinery, Screw Pro- 
pellers, Pattern-Shop Machinery, and the latest improvements in 
English and American Cupolas ; together with a large collection of 
original and carefully selected Rules and Tables, for every-day use 
in the Drawing-Office, Pattern-Shop, and Foundry. i2mo, cloth, 
illustrated $2.50 

MUNRO, JOHN, C.E., and JAMIESON, ANDREW, 

C.E. A Pocketbook of Electrical Rules and Tables, for the use of 
Electricians and Engineers. Fifth edition, revised and enlarged. 
With numerous diagrams. Pocket size. Leather .... $2.50 

NAQUET, A. Legal Chemistry. A Guide to the Detection 
of Poisons, Falsification of Writings, Adulteration of Alinjentary and 
Pharmaceutical Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to 'Chemical Jurisprudence, 
for the use of Chemists, Physicians, Lawyers,- Pharmacists, and 
Experts. Translated, with additions, including a list oi books and 
memoirs on Toxicology, etc., from the French, by J. P. Battershall, 
Ph.D., with a preface by C. F. Chandler, Ph.D., M.D., LL.D. i2mo, 
cloth $2.00 

NOBLE, W. H. Useful Tables. Pocket form, cloth, .50 

NIPHER, FRANCIS E., A.M. Theory of Magnetic 

Measurements, with an appendix on the Method of Least Squares. 
i2mo, cloth $1.00 

NUGENT, E. Treatise on Optics; or, Light and Sight, 

theoretically and practically treated, with the application to Fine Art 
and Industrial Pursuits. With 103 illustrations. i2mo, cloth, $1.50 

PEIRCE, B. System of Analytic Mechanics. 4to, 
cloth - $10.00 

PLANE TABLE, The. Its Uses in Topographical Surveying. 
From the Papers of the United States Coast Survey. Illustrated. 
8vo, cloth $2.00 

"This work gives a description of the Plane Table employed at the 
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PLATTNER. Manual of Qualitative and Quantitative 
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and enlarged, by Prof. Th. Richter of the Royal Saxon Mining 
Academy. Translated by Prof. H. B. Cornwall, assisted by John H. 
Caswell. Illustrated with 87 woodcuts and one lithographic plate. 
Fourth edition, revised. 560 pages. 8vo, cloth $5.00 
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PLANTE, GASTON. The Storage of Electrical Energy, 

and Researches in the Effects created by Currents, combining Quan- 
tity with High Tension. Translated from the French by Paul B. 
Elwell. 89 illustrations. 8vo 1^4.00 

PLYMPTON, Prof. GEO. W. The Blow-Pipe. A 

Guide to its use in the Determination of Salts and Minerals. Com 
piled from various sources, izmo, cloth $150 

The Aneroid Barometer : its Construction and Use. 

Compiled from several sources. i6mo, boards, illustrated . .50 
Morocco $1.00 

The Star-Finder ; or, Planisphere, with Movable 

Horizon. Printed in colors on fine cardboard, and in accordance 
with Proctor's Star Atlas 50 

POCKET LOGARITHMS, to Four Places of Decimals, 

including Logarithms of Numbers, and Logarithmic Sines and Tan 
gents to Single Minutes. To which is added a Table of Natural 

Sines, Tangents, and Co-Tangents. i6mo, boards 50 

Morocco ^ $1.00 

POOK, S, M. Method of comparing the Lines and 

Draughting Vessels propelled by Sail or Steam. Including a chapter 
on. Laying-off on the Mould- Loft Floor, i vol. 8vo, with illustra- 
tions, cloth $5.00 

POOLE, Capt. D. C, Among the Sioux of Dakota; or. 

Eighteen Months' Experience as an Indian Agent. i2mo . $1.25 

POPE, F. L. Modern Practice of the Electric Tele- 
graph. A Handbook for Electricians and Operators. Eleventh 
edition, revised and enlarged, and fully illustrated. 8vo, cloth, $1.50 

PREECE, W. H., and MAIER, J. The Telephone. In 

Press. 

PRESCOTT, Prof. A. B. Organic Analysis. A Manual 
of the Descriptive and Analytical Chemistry of certain Carbon Com- 
pounds in Common Use; a Guide in the Qualitative and Quantitative 
Analysis of Organic Materials in Commercial and Pharmaceutical 
Assays, in the estimation of Impurities under Authorized Standards, 
and m Forensic Examinations for Poisons, with Directions for Ele- 
mentary Organic Analysis. 8vo, cloth . . . • $5.00 

Outlines of Proximate Organic Analysis, for the 

Identification, Separation, and Quantitative Determination of the 
more commonly occurring Organic Compounds. i2mo, cloth, $1.75 

Chemical Examination of Alcoholic Liquors. A 

Manual of the Constituents of the Distilled Spirits and Fermented 
Liquors of Commerce, and their Qualitative and Quantitative Deter- 
minations. i2mo, cloth $1.50 
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